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SYNOPSIS 


57 

Fe MOSSBAUER SPECTROSCOPIC STUDIES OF Ti - and Sn- 
SUBSTITUTED Ni -2n FERRITES 

by 

Ramesh Chandra Srivastava 
Depart,ment of Physics 

Indian Institute of Technology, Kanpur 208016, India 

Mdssbauer spectroscopy is a powerful tool for 
studying the hyperfine interactions of the atomic nucleus 
with its surroundings. Its basis is the recoilless 
emission and absorption of gamma-rays. The isomer shift 
arises due to the Coulomb interaction of the nuclear charge 
distribution with the s-electron density at the nucleus. 
The quadrupole splitting results from the interaction of 
electric quadrupole moment of the nucleus with the electric 
field gradient (EFG) at the nuclear site. The interaction 
of the nuclear magnetic dipole moment with the magnetic 
field at the nucleus gives rise to the magnetic hyperfine 
interaction . 

Khan et al . [1,2] found a very interesting behaviour 

4 + 

of saturation magnetization in Ti substituted 

Ni^ 3 ZnQ ferrite. They observed that there is an 

unexpected dip in the saturation magnetization curve at 
Ti^^ concentration of 0.03 per formula unit. They 



ions 


interpreted this as an effect of distribution of Ti^"*" 
between A and B sites. ions enter at A site upto the 

rn • 4 

Ti concentrat>ion of 0.03 per formula uniis and afterwards 

to the B site also. The corresponding Fe" transfer causes 

an augmentation in the canting angle- Das et ai . [3] also 

observed a similar type of anomalous behaviour in the 

saturation magnetisation curve for a wide range of 

substituted Ni-Zn ferrites (substituents : Ti^"^, Nb^*^ 

4 + 

and Sn ; and Zn concentrations: 0.3, 0.5 and 0 . 7 ). Contrary 

to the results of [1-3], the work of other authors [4, 5] 

4 4 

show that Ti ions occupy the B site first upto the Ti 

concentration of 0.3 and beyond this concentrabion it 

occupies both A and B sites. Again, their results yield no 

4 

dip in the saturation magnetization vs. Ti concentration 
curve. Thus the occupation of higher valency non-magnetic 
cations and their effect on Fe^^ transfer and B-B 
interactions remain an open question, particularly for the 
low concentration of ions. 

Khan and Das used magnetisation measurements as the 
basis of their analysis whereas Baijal et al. based their 
calculations on fibssbauer experimental data. Khan et al . 
[2] could not analyse their Mossbauer data satisfactorily 
as the spectra were relaxed. The aim of the present work is 
to initiate the study of Ti*^^ substitution effect in the 
low Zn concentration sone (y 0.0 - 0.4) of Ni^_^Zny.Fe20^ 



ferrite by simultaneous libssbauer and magnetisation 
measurements . In this range the Mossbauer spectra are not 
relaxed and may be used to get insight into the 
distribution process as well as microscopic magnetisation 
mechanism, Ti range was chosen to keep the system in the 
anomalous dip zone of the magnetization experiments of Khan 
et al . [1, 2], For further elucidation of the mechanism 

A - 4 “ 

leading "to Ihe anomalous behaviour, we studied Sn^ 
substituted Ni-Zn ferrite systems too. 

A byproduct of our deep involvement with Mossbauer 
measurements during our primary aim stated above has been 
the study of Stark effect in some iron complexes. Previous 
studies of the influence of an external electric field on 
the hyperfine structure of Mdssbauer spectra were primarily 
performed on f erroelectrics . Thus the changes in the 

parameters and shape of Mossbauer spectra with a phase 
transition in f erroelectrics or reorientation of domains in 
an electric field were studied. Even though the internal 
crystal field was expected to be several orders of 
magnitude more than the applied field, the detection of the 
effect of external field in a dielectric (i.e. Stark 
effect) by a high resolution spectrometer was not ruled 
out. The work of Nair et al . [6] shows that there is no 

change in the isomer shift and quadrupole splitting of 
Fe(SO. ) „(NH . ) „ . SH,,© upto an external field of 50 KV/cm 

^ Z ft o cl* 



whereas there is significant increase in these hyperfine 
parameters in case of FeSO^.THgO. In the present work we 
present some new findidngs on the Stark effect in a number 
of iron complexes. 

A brief introduction of Mbssbauer spectroscopy is 
given in Chapter 1. Mbssbauer paz'ametei's like recoilfree 
fraction, isomer shift, electric quadrupole interaction and 
magnetic dipole interaction are incorporated. Other topics 
such as (a) Goldanskii-Karyagin effect, (b) Sternheimer 
antishielding effect and, (c) asymmetric quadrupole 
doublets in Mbssbauer spectroscopy are discussed briefly. 
A short discussion on Mbssbauer spectroscopy vis-a-vis 
other hyperfine techniques is also given in this chapter. 

Chapter 2 describes the experimental details. 
Different aspects of the Mbssbauer effect methodology like 
the radioactive source, Mbssbauer spectrometer, cryostat, 
detector and storage system are discussed in some detail. 
The optimization of the thickness for best signal to noise 
ratio is discussed. The computer programme used in the 
analysis of data is also briefly explained. 

Chapter 3 is a review of the structural 
characteristics and the basic physical properties of 
ferrites. The normal, inverse and the intermediate spinel 
structures are presented. The basic criterion of cation 



xii 


di stribution between A and B sites are discussed. The tMel 
theory of magnetic properties is briefly given. An outline 
of the preparation of samples i .5 presented. A review of 
the origin of hyperfine fields in magnetic materials is 
also introduced in this chapter. 

Chapter 4 deals with the study of Ti^^ substituted 

Nii_yZnyFe 204 ferrite for y = 0.0, 0.3 and 0.4. The 

Mbssbauer spectra at both 295 and 77^K consisted of two 

overlapping sextets, yielding the hyperfine magnetic field 

at the two sublattice sites A (tetrahedral) and B 

(octahedral). The field at A site decreases with 

. 4 + 

the increase of Ti concentration. The change in the 
hyperfine field with Ti concentration is explained as due 
to the change in supertransf erred hyperfine field *'^STHF^‘ 
It is found that the hyperfine field H^^^(B) at B site 

remains almost constant. This is attributed to the fact 

4 + 

that all the Ti ions enter at B site only. 


The variation of magnetisation, obtained from VSM 


measurements, and the net effective hyperfine magnetic 
field I ^eff ~^eff I ’ with Ti^^ concentration, when 
plotted on comparable scales, follow the same trend. If 


f'J^el type of magnetic ordering is considered then a linear 

4 + 

decrease of magnetization with Ti concentration is 

4 

expected, as the Mbssbauer spectroscopy reveals that Ti 


ions enter only at B site. But in all the three systems a 



xiii 


deviation from this type of behaviour of magnet izatioii is 
observed. This is explained by the presence of canted spin 
structure of the Yafet-Kittel type. Evidently, the 
positional readjustment of the ions due to electrostatic 
forces after the entry of non-magnetic tetravalent ions in 
the lattice causes the readjustment of the values of 
exchange constants, 


Fe (A)-Ni (B) 


'^Fe^^(A) 




2 + 

■Ni'^ (B) 


Fe (B) 


Fe^^(B) 


^ TT ^ "D \ 

Fe (B) 


2 + 

•Ni^ (B) 


and ’^Fe^'^(A)-Fe^‘^(A) 


A plot of these exohang'e constants against Ti 
concentrat ion clearly shows that all the constants remain 
almost unchanged except change in 

this exchange constant reflects exactly the change in the 
lattice parameter. It is then evident that the overlap of 
the wavef unctions of the Ni ions (through 0 ions) and 
its change with the ion separation are basically 

responsible for the change in the canting of spins and 
conse<iuent ly the anamolous magnetisation of these ferrites. 

Chapter 5 contains the studies of substituted 

^ ^ “ 4 " 

Ni. Zn Fe„0. ferrite for y = 0.3 and 0.4. As in Ti 
1 “y y 2 4 

substituted Ni^_yZn^Fe 20 ^ ferrites, in these systems too, 

H ...(B) remains almost constant whereas H .. (A) decreases 
eff 

the increase of Sn concentration. As discussed in 
Chapter 4, the variation in with Sn"^ concentration 



XJ-V 


is explained as due to the change in ^sxhF“ Unlike the 
4 + 

Ti case, we observed that here the magnetisation falls 

4 

suddenly by the minimal entry of Sn , followed by a very 
slow decrease. This is again explained by the presence of 
canted spin structure. The changes in the canting angle 
with the increase of concentration is found to be due 


to the change in Jv,T2t,T-,, vt2+,t-,- 

NI (B)-Ni (B) 


In this case the 


lattice parameter increases monotonically with the increase 

4 4 r» 

of Sn concentration. . For the Sn concentration of 

greater than 0.004 the exchange integrals reflect the 

change in the lattice parameter. However, for the 

concentration less than 0.004, the change of ionic 

separation and exchange constant ) show 

contradictory trends. One would suspect that the outermost 

4d electrons of Sn"^^ contribute to this trend. However, a 

satisfactory elucidation of this problem can be achieved by 

Mossbauer spect roscopoy of the 3y.stem. 


In Chapter 6 we present some new findings in few iron 
complexes like ferrous ammop.ium sulphate hexahydrate, 
sodium nitorprusside, potassiirm f erricyanide, red and black 
Rousstn salts. The induced Stark effect was observed in 
all the systems by a high resolution Mossbauer 
spectrometer . 

In the end we have summarised the entire work. A few 
problems are proposed for the future study . It is hoped 



XV 


“that, the present work has contributed to our knowledge of 
the hyperfine interactions of substituted Ni-Zn ferrite and 
the induced Stark effect in iron complexes, leading to a 
knowledge of their microscopic structure and bonding 
characteristics . 
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CHAPTER 1 


Fundamentals of Mossbauer Spectroscopy 


1.1 I nt roduc t i on : 

Mttssbauer effect [1] wa-s discovered by R.L. 
Md>s?5bauar. a German Physicist, in 1958. This di.scovery 
ushured in a very powerful tecVinique in the field of 
hyperfine interactions. The unlimited potentialities of 
this discovery led to its rapid development into a 
scientific discipline and its immense application in the 
fields of physics, chemistry, metallurgy, biophysics, 
biochemistry, earthscience , and many other areas. The 
words of R.L. Mossbauer which he cited in his Nobel 
Laureate speech of Dec. 1961 have proved to be prophetic : 

"We may therefore hope that this young branch of 
physics stands only at its threshold, and that it will be 
developed in the future, not only to extend the aplications 
of existing knowledge but to make possible new advances in 
the existing world of unknown phenomenon and effects." 

The field of hyperfine interaction with special 
reference to Mossbauer spectroscopy is treated in a number 
of books, reviews and monographs [2-13] in detail. We, 
therefore, give here a brief discript ion of the subject. 
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Hossbauer effect, is some t-imes referred to as the 
resonance fluorescence of r~rays or the recoilless emission 
and absorption of r-rays or as the aero phonon emission and 
absorption of y-rays when the emitting nuclei are embedded 
in a solid. These names describe the physics of the 
phenomenon . 


1 . 2 The MctBsbaxiGr Eff &c t 

Let a nucleus of mass M which is at rest radiate a 
gamma ray photon of energy in decaying from excited 
state E to the ground state . The recoil energy E„ 
imparted to the emitting nucleus may be obtained by the 
application of the law of conservation of linear momentum. 
The recoil energy is given by 


(E^)^ 

g _ r ^ o 

^ 2MCf 2MCf 


( 1 . 1 ) 


(since E ^ << ) 


here C is the velocity 
energy yields 


or 



of light. 


E = E° 
gr r 


"R 


The 


Er 


conservation of 


( 1 . 2 ) 


In the same way we can consider the excitation of the 
system from the ground state to the excited state E^^ 
by absorption of a gamma photon and realise that the energy 
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the incident photon must provide an extra amount of 
recoil energy E_ over and above the excitation energy E 

o 

for t/he process to occur. Hence, 

(1.3) 

It is well known that the excited state E of the nucleus 

ex 

does not possess a single energy but is characterised by a 
spectral line shape co(E) centred around E^^ such that 

e'(E) = [l+4(E-E^)/r^]~^ (1.4) 

here F, the natural linewidth, is related to the mean life 
time, T, by Heisenberg’s uncertainty relation 

r. T = h (1.5) 

The energy of the stable ground state, E , is very sharp 

&r 

because it is characterised by F -)► 0 and r oo. Thus in 

the transition form the excited state to the ground state, 

the photon displays a lineshape similar to the eq. (1.4) 

but centred around E®, Similarly, the energy of photon 

Y 

which can induce a transition from the ground state to the 
excited state also displays the same distribution given by 
eq. (1.4) but centred around E^. The resonant absorption 
or emission of y-rays takes place ideally for E^ = 
but will also occur as long as the following two 
distribution function overlap considerably ; 



4 


coJE) . 


1 + 


4(E-E^)%-l 

;:r— 


(1.6a) 


a^^(E) 


1 + 


4(E-E®)^-,-i 


r' 


(1.6b) 


In fig (1.1) we have shown fhe nahure of this overlap in 
“two cases : (a) the atomic system (emission of an optical 
photon) where << F and, therefore, the emission and 
absorption lines overlap almost completely; (b) the nuclear 
system (the emission of a gamma-ray photon) where >> F 

li 

57 -1 
(e.g., in case of Fe nucleus E^^ = 1.957 x 10 eV and F = 

-9 

4.55 X 10 eV) and, "therefore, the overlap of emission and 
absorption lines is not possible. Thus we see that nuclear 
resonance absorption is not possible in isolated atoms. 

The unsatisfactory situation with respect to nuclear 
resonance absorption first changed in 1950 with Moon’s [14] 
experient. The fundamental idea behind his experiment was 
the compensation of the recoil energy loss of the gamma ray 
photon. The radio active source was moved at a suitably 
high velocity towards the absorber. The displacement of 
the emission spectrum towards higher energies achieved in 
this way through the Doppler effect was able to produce a 
measurable nuclear fluorescence effect. 






6 


In the solid state a liissbauer active atom under 
consideration is bound to the lattice. If a y-ray is 
emitted from the excited Mdssbauer nucleus, the concomibant 
recoil energy may be assumed to be consisted of two parts 


■'R 


E , + E , , 

tr vib 


(1.7) 


is the translational energy transferred through linear 

momentum to the crystallite as a whole, which accomodates 

the Mdssbauer nucleus under consideration. E, can be 

tr 

calculated by using the eq. (1.1) in which M stands now for 
the mass of the whole crystallite. Since the mass of the 
crystallite is very large as compared to the mass of a 
single nucleus, turns out to be many orders of 

magnitude smaller than r and can therefore be neglected. 

Most of the recoil energy Ej^ is, thus, converted into 

mean lattice vibrational energy If recoil energy 

is larger than the characteristic lattice vibration 

(phonon) energy but smaller than the displacement energy 

25 eV) then the decaying Mossbauer atom will remain in 

its lattice position and will dissipate by heating the 

surrounding lattice. In case, however, Er is smaller than 

-2 

the characteristic phonon energy ("10 eV for solids), 

E ., causes a change in the vibrational energy of the 
vib 

oscillators by the integral multiples of the phonon energy 
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hvg represents the Einstein frequency). There is a 
certain probability f that no lattice excitation (sere 
phonon process) takes place during' the gamma emission or 
absorption process. f is called the recoil free fraction 
and denotes the fraction of nuclear transitions which occur 
without recoil* A general expression for the probability of 
recoilless emission or absorption of the r-rays is given by 


f ~ exp [ -k^ <x^>] 


( 1 . 8 ) 


where k is the wave vector and <x^> is the mean square 
displacement of the nucleus from its equilibrium position. 
In the Debye model of solids, the recoilfree fraction f is 
given by the following expression, 


f 


exp 


[- 


2Vd 


1 + 4 



^d/t 





( 1 . 9 ) 


wlisire ■fcli© symbois bav© ■th©iz‘ usual meaning. 


In the limit of low and high temperature the above 
equation reduces to 


f = exp 


C 

' 


if T << e 


D 


(1. 10a) 


and 


f = exp 


6Ej,T 


r -\ . 

I J ’ 


Vd 


if T > €> 


D 


(1.10b) 
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To observe resonance fluorescence the probability of 

recoilless transition, f, should be large and this suggests 

that << Since Ej^ <x E^, we should choose low 

energy Mbssbauer nuclide. However, for very low energy, 

y-rays will have a poor emission yield and we would need 

very thin absorbers. Depending on values, the nuclear 

resonance fluorescence has been mostly observed for 10 KeV 

< E <150 KeV. 
o 

The real breakthrough in nuclear resonance absorption 

of gamma rays came with Mbssbauer’s experiment at 

Heidelberg. He intended to measure the lifetime of the 129 
191 

KeV state in Ir. Nuclear resonance absorption was 

planned to be achieved by making the emission line and the 
absorption line partially overlap each other through 
thermal broadening. By lowering the temperature it was 
generally expected that the transition lines would sharpen 
up because of less Doppler broadening and consequently 
smaller degree of overlap. However, the opposite was 
observed by Mbssbauer. This was explained by him as the 
increase in the probability of recoilfree transition of the 
r -photons, and henceforth resosnance fluorescence of r-rays 
came to be known as t^ssbauer effect. 

Mbssbauer effect has provided us with an extz'emely 
precise method for measuring the small energy shifts of the 
nuclear energy levels. In t^ssbauer experiment either the 
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soure or the absorber is subjected to a velocity prog-ramme 
to give an appropriate Doppler energy shifts to the r~rays 
so that one may obtain the resonance intensity as a 
function of energy. 

1.3 Myfxs-r-fi-nie Interaction : 

In the previous section (1.2) we dealt with 
transitions between unperturbed energy levels of "bare" 
nuclei and have called" the transition energy E^. In 
reality, we deal with atoms and molecules in a solid. 
Nuclei are, therefore, generally affected by electric and 
magnetic fields, which may be created by shell electrons 
and the charges in the near neighbourhood. The nuclei may 
also possess various kinds of nuclear moments. These 
generally interact with the electric and magnetic fields in 
the nuclear region and perturb the nuclear energy levels. 
This perturbation, called nuclear hyperfine interaction, 
may be such that it only shifts the nuclear energy levels, 
as is the case in electric raonopole interaction, or it 
splits degenerate nuclear levels into sublevels without 
shifting the centroid of the multiplet, as are observed in 
electric quadrupole interaction and magnetic dipole 
interaction. Only these three kinds of interactions have 
to be considered in Mbssbauer spectroscoopy . A f^ssbauer 
spectrum, in general, reflects the nature and strength of 
the hyperfine interaction. 
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1.3.1 Electric Mono pole 1 nterctc t ton; Th.o I sonhsr Shift : 

The isomer shift. <5 is the result of e-lectric rnoiiopole 
interaction of the nuclear charge distribution (because of 
the finite size of the nucleu,s) with the electron charge 
density at the nucleus ( s-electrons ) . The fact that the 
environment of the source and absorber nuclei are 
different, the amount of interaction between s-electron 
density at the nucleus and the nuclear charge is different 
in the soure and the absorber. This is schematically shown 
in fig. (1.2a) and the corresponding Mossbauer spectrum is 
shown in fig. (1.2b). 

In the non-relativistic approximation, the isomer 
shift is expressed as 

i = [|1] Ze^ |v.(0)ts] (1.11) 

here Z is the atomic number; e, the electronic charge; 

and R , the radius of the nucleus in the excited and ground 
g 

state respectively and; lv'(0)|^ and lv'(0)(gare the density 
of the s-electrons at the nucleus of absorber and source 
respectively . 

In heavy elements the wavefunction v' is subject to 
modification by relativistic effects. Therefore, the 

electron density at the nucleus will be modified as well 
and eq. (1.11) require a relativistic correction. Using 



Source (S) 


I.S.--Ea-Es 


Absorber ( A ) 


FIG.1-2a Effect of monopole interaction on the energy levels of 
source and absorber . 



. ve * ve 
Velocity (mm /sec ) 


FIG. 1-2 b Mbssbauer spectrum showing monopole interaction 
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Dirac wave function and first order perturbation theory, it 
has been shown that this correction simply consists of a 
dimensionless factor S(Z), which is introduced into the 
above expression for 6. 


6 



Ze^ S(Z) 






( 1 . 12 ) 


The values of the relativity factor S(Z) for Z = 1 to 

96 are given in [15] . S(Z) = 1.32 for iron (Z = 26). In 

Mbssbauer effect studies, where one compares compounds of a 

given Mdssbauer nuclide, the problem of relativistic 

correction does not arise because the relativity factor 

S(Z) is constant for all compounds of a given Mdssbauer 

nuclide. Moreover, if one uses a particular Mdssbauer 

57 

source (e,g. Co-in-Rh) and looks at varioxis absorbers of 
a given Mbssbauer nuclide then |v'(0)^jg in eq. (1.11) is 
constant for all the absorbers. The term 1— gj Ze (R^ - E^) 

in eq.(l.ll) is also constant for a particular nuclear 
transition. Therefore, the isomer shift S is a linear 
function of the charge density |v'(0)^j^ in the absorber. 

The isomer shift data are commonly used to study the 

chemical structure, oxidation state, bonding etc. in 

compounds. The isomer shift values of the same element in 
different systems are related to changes in the electron 
densities and are, therefore, used to find the structure 
and phase of the system. 
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1.3.2 Th.<s El.GclTtc QxLCtd.rxLpo'ie Int&r-cic tton. ; 

In the discussion of electric monopole interaction it 
is assumed that the nuclear charge distribution is 
spherically symmetric and uniform. But this is an ideal 
condition and the nuclear charge distribution deviates from 
spherical symmetry. This deviation may be different in 
different nuclear states. The nuclei in the state I = 0, g 
do not possess an observble quadrupole moment. Any nucleus 
in the state I > 2 ^ non-zero quadrupole moment. The 

quadrupole moment is a tensor quantity with elements 

Q. . = fp (r)x.x.d^x (1.13) 

ij J'^n 1 3 


where is nuclear charge and x^, Xj are the 
cartesian components of the position vector r. 

A non-zero electric quadrupole moment interacts with 
the electric field gradient (EFG) present at the site of 
the Mdssbauer nuclide. The Hamiltonian of the interaction 
is given by 


✓S. 

se(e2) = Q . (V E) 


(1.14) 


Here Q denotes the 
quadrupole moment and 


opertor of the nuclear electric 
(V E) represents the EFG tensor 


operator . 
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A point charge q at a distance r = (x^+y^ + from 
the nucleus produces a potential V(r) = q/r at the nucleus. 
The gradient of the electric field at the nucleus is 


EFG = '7t 


V 

V 

V 

XX 

xy 

XT. 

V 

V 

7 

yz 

yy 

yz 

V 

V 

V 

Z X 

zy 

ZT 


where 


V. . 
IJ 




i , j = X, y > z) 


(1.15) 


The electric field gradient is a (3x3) second-rank 
tensor. Only five of the nine components are independent 
parameters. Three of the off diagonal elements are 
dependent because of the symmetric form of the EFG tensor, 
i.e.V =v,v=V,V - 7 . The Laplace’s 

xy yx xz zx yx zy 

equation for the potential requires that the EFG be a 
traceless tensor 


V + V +7 = 0 (1.16) 


XX yy zx 




only two of the 

diagonal 

elements 

are 


independent. To avoid complexity, a unique axis system 
called the "principal axes of the EFG tensor" is defined 
such that the off-diagonal elements of EFG tensor vanish 
and the diagonal elements are ordered as 


|V 


yy 



(1.17) 
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Another parauneter usually known as asymmetry 
parameter, n , is defined such that 

V -V 

h = ""y (1.18) 

and 

0 < T) < 1 


Finally, the interaction between the s component of 
EFG and electric quadrupole moment gives the Hamiltonian as 


eQV 


se(e2) = 


41(21 


r 

h, H 


I + p 


/\ 

1+ + i! 


/2 


(1 . 19) 


Here I is the nuclear spin quantum number, I is the 
nuclear spin operator, = I^± I are ladder operators, and 

/s ys xN 

I , I , I are the nuclear spin component operators along 

X y X 

X. y, z axes respectively. Since the separation of nuclear 
energy levels is usually much larger than the magnitude of 
the Hamiltonian S<e(e2), therefore, the first order 
perturbation theory gives the energy correction as 


eQV 


Eq = 


41(21-1) 


2 

[sm' - 1(11-1)] [1-3] 


( 1 . 20 ) 


Here = I, I-l, 1-2, -I is the nuclear 

magnetic spin quantum number . The effect of the electric 
quadrupole interaction in a Mossbauer nuclide with I = 3/2 
as the excited state and I = 1/2 as the ground state is 
shown in fig. (1.3a). The excited state (1=3/2) is split 
into two doubly degenerate substates l^’-^ ^ ^ ' 
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There is no splitting in the nuclear ground state (I - , 
because Q = 0. For an axially symmetric EFG, i.e., 19=0 
we obtain the shift in substates as follows 


and 


. eQV 

.9 Z Z 

Eq V -- -A- 


for the state 



> 


E 


Q 



eQV 

Z Z 

4 


for the state 



> 


The difference in energy between the two substates is 


AE 


Q 






or 


eQV 


AE, 


'Q 


The resultant Mttssbauer spectrum 
quadrupole splitting is shown in fig. (1.3b) 
sTiift is also shown in this picture, because 


in case of 
The isomer 
the electric 


monopole interactio is always present due to the difference 
in the density of s-electron wavef unctions at the site of 
the nucleus in the source and the absorber. 


1.3.3 Sternhevraer dnt t -Sh-te Fete tar : 

In general there are two fundamental sources of EFG- 
(i) charges on distant atoms or ions, surrounding the 



Isomer 

shift 


quadrupole 

splitting 


2 


i 



(b) 
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Mossbauer atom in non-cubic symmetry, usually called the 
lattice or ligand contribution; (ii) non-cubic electron 
distribution in partially tilled valence orbitals of the 
Mbssbauer atom, usually called the valence electron 
contribution. The strength of the quadrupole interaction at 
the nuclear site gets considerably modified, as shown by 
Sternheimer [16-18], due to the presence of atomic 
electrons. The shell of a Mbssbauer atom gets distorted in 
the presence of a non-cubic charge distribution in the 
surroundidng crystal lattice in such a way that the 
latticie contribution to EFG is greatly enhanced. The 
effective EFG at nuclear site can be written as 


V 

XZ 


( 1 - r ) 7^*^“ + (1 - R) 

00 XX 


( 1 . 21 ) 


where is the EFG at nuclear site due to the 

ZX 

ions of "the lattice in absence of atomic electrons. An 
additional EFG - r appears at the nuclear site due to 

oo ZZ 

the polarization of electron cloud. This phenomenon is 
known as "Sternheimer anti-shielding” and the factor is 

called the anti-shielding factor. the values of <l“r^) for 
medium and heavy ions lie in the range of 10 to 80. For 

iron compounds it is estimated of the order of 10 . The 

factor R in eq. (1.21) correspond to atomic shielding of 
EFG at the nucleus due to the unfilled orbitals (V^°'^°'’’ ) . 
The factor R has been estimated to be 0.2 - 0.3 for iron 



19 


and "tin. The above piciture is not. exactly valid for 
metals and alloys because of the presence of conduction 
electrons. The EFG at nuclear site in these cases cannot 
be wholly as due to lattice and valence electron 
contributions, as the significant contribution from 
conduction electrons is also well established, 

1.3.4 HcL^Gtic Dipole Interact ion : 

A nucleus with spin I > 0 has a magnetic dipole 
moment p, and if there is a magnetic field ti at the nucleus 
then the magnetic dipole moment interacts with the magnetic 
field and the corresponding Hamiltonian is 

96 (ml) t . ^ (1.22) 

here g^^ is the nuclear Land"^ splitting factor and is the 
nuclear Bohr magneton. Using the first order perturbation 
theory the energy correction due to magnetic dipole 
interactions is 

(m^) = (1.23) 

where 

m^ = +1, I-l, -I 

Thus we see that the magnetic dipole interaction splits a 
nuclear state | I> into 21+1 equally spaced substates. Each 
of the substates is characterised by the nuclear magnetic 
spin quantum number . The allowed y-transitions are for 
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R 7 

AI = 1 and Am^ =0, ±1. In case of Fe, the six allowed 
transitions are shown in fig. (1.4), giving rise to six 
finger pattern. In practice, however, pure nuclear 

magnetic dipole interactions are rarely encountered. We, 
therefore, observe that a nuclear state is simultaneously 
perturbed by both magnetic dipole and electric quadrupole 
interactions. In this situation, the substates of I = 3/2 

state (in case of ^ Fe) are no longer equally spaced. If 
fi'f(e2) << 3f(ml) and assuming EFG tensor to be axially 
symmetric whose principal axis makes an angle O with the 
axis of magnetic field then the first order perturbation 
theory yields the general expression of energy correction 
as 

, , eQV 

E = + (-1)'“’'^ C ^ X3 cos 0 - 1) (1.24) 

1.4 Lattice Vibra.tiona.1 Anisotropy C'Goldanshi i -Kcaryct^in 
£/ foe t y : 

The intensity of the I^ssbauer absorption peak 
depends on the recoil -free factor 

f = exp C - <(^:.x)^>] 

If the gamma ray direction ^ is expressed in polar 
coordinates Q and $ with respect to EFG axis, we can write 


<(^..x)^> = k^[{<x^> CosV + <x^> SinV }Sin^© + <x^> Go3^€>] 



i 


Isomer shift Magnetic dipole Magnetic dipole splitting 

Quadrupole perturbation 


6 1 




Effect of the magnetic hyperi 
energy levels of the absorber 


Velocity (mm sec'b 

iqnetic hyperfine interaction on the nuclear 
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If the amplitudes of vibration are not equal in all the 
directions then the recoil -free fraction becomes a function 
of & and $ . For Fe quadrupole doublet for a 
polycrystalline smaple the intensity ratio of the two lines 
is given by 


M 

n 


O' 


zn n 


S I 


o 


zn n 

O O 


J J 


( 1+Cos^0 )Sin© d6'd0 


(-| - Cos^© ) Sin©d©d<;^> 


for axially symmetric vibrations 


= <\> - <x^> <X^> = <x^ l> 

and 

t {0 ,4>) = exp [ -k^ t ^ (<x^> - <x^ I >)Cos^©] 

resulting in 
rr 

„ J exp [-k^(<x^l> - <x^> )Co3^© ] ( 1+Cos^© )Sin©d© 

"yr _ _o 

M ~ n 

r exp [~'k^(<x^..> - <x%)Cos^©] (I - Gos'^e )Sin©d0 
o ' ’ ^ 

Thus we see that even for random orientation of 
crystallites , the intensities of the two lines may be 
different. The intensities of the magnetically split lines 
are also modified for the same reasons, i.e. the anisotropy 
of the recoil-free fraction. This effect is known as 
Goldanskii-Karyagin effect. As the vibrational anisotropy 
is an increasing function of temperature the aysmmetry in 
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int.ensities related to this effect also increases with 
temperature . 

1.5 Qu.a.d.rxipolG Daubhs-t : 

The observed auadrupole doublet may be asymmetric due 
to the following three reasons : 

(i) Lack of randomness of crystallites (texture effect); 

(ii) Anisotropy of Debye-Waller factor; 

(iii) Relaxation effect. 

The first one has the distinct property that the 
ratio of intensities strongly depends upon the angle 
between the gamma-ray direction and the sample surface. 
The second and third effects are independent of sample 
orientation but depends very much on temperature. The 
intensity ratio due to anisotropy of the Debye-Waller 
factor is approximately 1 at low temperature and increases 
with increasing temperature. In polycrystalline materials, 
it is often difficult to differentiate between the 
Goldanskii-Karyagin effect and the texture effect. However, 
most metals and alloys have cubic or almost cubic 
crystallographic structures, thus the recoil-free fraction 
can be regarded as isotropic and the Goldanskii-Karyagin 
effect can be neglected. On the other hand, the texture or 
preferred orientations of the crystallites in certain 
directions might be very pronounced. For the third case, 



■the asymmetry ratio will strongly depend on the relaxation 
mechanism. If the fluctuations in the internal magnetic 
field are due to spin-lattice relaxation we expect 
relaxation time to decrease with increasing temperature . 
This means that raising the temperature will decrease the 
asymmetry, an effect opposite to temperature dependence of 
Goldanskii-Karyagin effect. On the other hand, if the 
fluctuations in the magnetic field are due to spin-spin 
relaxation, the asymmetry will depend on the paramagnetic 
ions . 

1.6 Mosstxxxi&T' Spectroscopy xjis-a—vis other TechrxiQ--u.es to 
I rx-oes t i gate Hyper fine Iriterax: tiorxs : 

Many other techniques such as NMR, EPR and PAG have 
been developed to study the hyperfine interactions. In 

this section we will bring out the relative advantages and 
disadvantages of these techniques vis-a-vis Mossbauer 
spectroscopy . 

In Mossbauer spectroscopy, the line width of the 

resonance line is limited by the life time of the nucleus 

4 5 

in the excited state. This corresponds to 10 - 10 gauss, 

which is quite broad as compared to the NMR line widths. 
This has both merits as well as demerits. This means that 
the precision of NMR measurement is much higher but it is 
difficult to detect the NMR lines. In such cases, the two 
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techniques can be used together. Mossbauer spectroscopy 
could be used to locate the lines and then the NME could be 
used to accurately measure the splittings. In the presence 
of strong spin-spin interactions between neighbouring ions, 
the NMR lines may be broadened so much that it cannot be 
observed at all. Similar situation may also arise in the 
presence of local inhomogeneous surroundings such as in 
alloys. Indeed, in alloys, it is very difficult to measure 
hyperfine interaction by NMR except in very dilute cases. 
Mbssbauer spectroscopy does not suffer from such drawbacks. 

Another limitation of both NMR and EPR, particularly 
in metals, arises because of skin effect. As a result, the 
measurements can be limited to only small particles. In 
contrast, in Mbssbauer spectroscopy, one can use large 
cyrstals. In NMR techniques, one is essentially concerned 
with the splitting of the nuclear ground state and if the 
nuclear ground state has zero angular momentum, which is 
the case for even-even nuclei, then conventional resonance 
methods cannot measure hyperfine interactions. In 
contrast, in Mbssbauer specbroscopy , one deals with a 
transition between two nuclear states and the above 
limitation therefore does not arise. Moreover, EPR is 
generally limited to atoms or ions where the electronic 
ground state is degenerate. The degeneracy is lifted by 
bhe application of magnetic field and transitions are then 



observed between the resulting levels. It is unusual that 
electronic levels in the absence of magnetic field have a 
splitting which lies within the irelatively fixed limits of 
the microwave frequency range. This is a drawback which 
does not exist for Mossbauer spectroscopy or the NMR . 


PAC involves 

the measurement 

of 

the 

rotation 

and 

attenuation of the 

correlation pattern 

which 

implies 

that 

•the unper'turbed correlation pattern 

is 

already 

known . 

This 


is not always possible. Another drawback of PAC is that it 
is not easy to seperate the electric quadrupole and 
magnetic hyperfine interactions. This is, however, 
comparatively easy in Mossbauer spectroscopy. Another 
distinct advantage of Mo.ssbauer spectroscopy is the 
possibility of the measurement of monopole interaction 
leading to chemical shift. However, unlike to bSissbauer 
spectroscopy, PAC is not limited to low energies. 


In the 

present thesis 

we 

study 

of 

micx'oscopic 

structure and 

properties of 

Ti4+ 

and 

c 4 + 

Sn 

substituted 

nickel-sinc 

ferrites by 

determining 

the 

hyperfine 


parameters by Mdssbauer experiment and analysing them. 
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CHAPTER 2 


Experimental Methods 


2.1 Introdua t ion : 

The following instruments form the basic units of a 
Hossbauer Spectroscopy experimental arrangement ; 

(i) Radioactive source which emits gamma~ray, e.g.,14.4 

KeV gamma-ray emitted in the electron capture decay 
57 57 

of Co to'" Fe nucleus [fig, (2,1)]. 

(11) Sample containing nuclei (in case of 

Mossbauer Spectroscopy) as an absorber. 

(iii) Mossbauer spectrometer having an electromechanical 
transducer for providing relative velocity between 
the source and the absorber. 

(iv) The dewar and the furnace for keeping the absorber 
at the required temperature. 

(v) A radiation detector for counting the gama-rays 

57 

(proportional counter in case of Fe l^ssbauer 

spectrocopy) . 

(vi) A storage device (the multichannel analyser) which 
stores the data as a function of relative velocity 
between the source and the absorber. 
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Fig. 2-2 Schematic diagram of various instruments involved in a Mossbauer 
effect experiment. 
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In "this chapter we shall give brief description of 
the apparatus used in the present experimental work. 
Details of the general experimental methodology of 
Mdissbauer spectroscopy have been reported in the literature 
[1-8] and, therefore, will not be reproduced here. A 
schematic block diagram of various instruments used in 
Mossbauer spectroscopy is shown in fig. (2. 2). 

2.2 Radioactive Mossba-uer Source 

The radioactive source used in Mbssbauer spectroscopy 
should have the following properties : 

(i) The source material should be deposited in a host 
matrix which is chemically stable. 

(ii) The emitted gamma-ray should have a single line (in 

the energy spectrum). In other words, there should 

be no electric field gradient or internal magnetic 

57 

field at the site of the Fe nuclei in the 
IKissbauer source. 

(iii) Recoil-free fraction in the host matrix should be 
large . 

(iv) Line broadening caused by self -absorption , thickness 
etc. should be minimum. 

(v) The radiations which are not contributing to the 
Mbssbauer effect such as the characteristic X-rays 



33 


and gamma-rays, should have low intensity. 
Moreover, the 'interfering^ radiation should be such 
that they could be clearly separated from the 
resonant gamma- ray (14.4 KeV ) in the energy 
spectrum , 

57 

In our experiments we used 25-mCi Co J^ssbauer 
source deposited in Rhodium matrix. The source was 
procured from M/s E.I. duPont, U.S.A. The recoil-free 
fraction as specified by the supplier was 0.76. The 
characteristic X-ray of Rh have energies in the range 
22-23.2 KeV, which is quite high in comparison with 14.4 
KeV, the energy of the gamma-ray responsible for Mbssbauer 
effect, and so could be filtered out easily. The source 
gave a single line Mossbauer absorption peak using 
potassium ferrocyanide as absorber with 
full-width-at-half -maximum (FWMH) of 0.224 ±0.002mm/sec at 
295'^K. At room temperature, the FWHM with sodium 
nitroprusside as absorber was found to be 0.220t0.002 
mm/sec . 

2.3 MUssbcL-uer Sp&c trams tisr : 

The Mossbauer spectrometer used in the present work 
was obtained from M/s Wissel, West Germany. It consists of 
a Digital Function Generator (Model DFG-1200), a Mossbauer 
Drive Unit (model MR-360), and a Velocity Transducer (Model 


MA-260) . 



The Digital Function Generator, DFG-1200, is used to 
provide a reference signal to the ISissbauer driving system 
which determines the waveform of the source motion. It has 
two basic functions - sine and triangle (constant 
acceleration) . Throughout our experiments we have run the 
spectrometer in constant acceleration mode. The driving 
system consists of the electromagnetic Mdssbauer velocity 
transducer, MA-260, and the Mossbauer Driving Dnit, MR- 3 60 . 
It provides a relative velocity between the source and the 
absorber during the Mbssbauer effect measurement. For this 
purpose, the driving unit feeds the velocity transducer 
with an electronically controlled voltage. The velocity 
transducer and the driving unit form together a feedback 
loop, which minimises the deviation of the source motion 
from its correct value. A high precision of the source 
motion is achieved with this driving system not only at the 
resonance frequency of the transducer, but in the entire 
frequency range (1-100 Hz). 

The Mossbauer velocity transducer, MA-260, is based 
on the principle of two mechanically coupled loudspeakers. 
The driving coil causes the motion of the transducing 
element. The pickup coil, which is rigidly connected with 
the driving coil through the common connecting tube, gives 
the information of the value of the velocity back to the 

The resonance frequency of the transducer is 


driving unit . 
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approximately 23 H 2 . The large diameter of the connecting 
tube and the improved design of the guide springs result in 
an excellent fi'equency response of the source motion. A 
schematic representation of the velocity transducer is 
shown in fig. (2.3). 

2.4 Detector and AmpLifiGr: 


Most of the Mdssbauer sources are not monochromatic 
and emit radiations of higher and lower energy than the 
Mdssbauer gamma-ray. The detection system must have high 
efficiency for the Mossbauer z'adiation (14.4 KeV in case of 
Mdssbauer spectroscopy). The proportional counter is 


generally used for the energy range from 1 to 20 KeV. So 
this type of counter is used extentively for Fe Mdssbauer 
spectroscopy. The counter consists of an outer cylinder at 
ground potential and a central wire at high positive 
potential, working as anode. The counter is filled with 
inert gas. A gamma- ray entering the counter ionizes the 
gas and forms ion pairs. The electrons will accelerate to 
the anode and form other ion pairs by collision with gas 
atoms. To prevent a continuous electrical discharge in the 
counter, a quenching gas such as CH^ or COg is added with 
the inert gas. During the recoilless absorption of 
gamma-ray a large number of X-rays are also produced and 
their energies may be close to the energy of the gamma-ray 


(14.4 KeV) responsible for Mdssbauer effect. This causes 
undesired background in the spectrum. Proper resolution of 
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Fig. 2.3 Electromechanical Transducer. 
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"these X-rays with the M^ssbauer energy is an important 
feature of the detection system. In our proportional 
counter this requirement was satisfactorily met since the 
FWHM of the 14.4 KeV gamma-ray is 2 KeV . We used an 
argon-filled proportional counter with aluminized myler 
window which was obtained from the Technical Physic.s 
Division, BARC, Trombay, Bombay. The counter was run at a 
high DC voltage of +1500V using a high voltage power supply 
(model Harrison 6522A, Hawlett Packard). It was connected 
to the preamplifier (model 401, Mech-Tronics Nuclear) and a 
linear amplifier (model 512, Mech-Tronics Nuclear). The 
output of the amplifier is fed to the ND-62 multichannel 
analyser. 

2.5 Data Storage C M\il t ichartnel Analyser^ ; 

The ND-62 microprocessor based 2048 (2K) channel 
analyser was used in PHA mode for selecting the 14.4 KeV 
gamma-ray and the storage of data. The multichannel 
analyser is operated in multi-scaling mode. Multichannel 
scaling is comparable to counting in a series of scalers, 
each being put into operation for a preset time, called the 
dwell time per channel. The sweep is triggered by the 
start pulse from the spectrometer and the address register 
in the ND-62 is advanced by the channel advance pulse from 
the spectrometer with minimum dead time. The data acquired 
in each subsequent sweep is added to the data stored in the 
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previous sweep. The data can be printed out in a line 
printer (teletype) or can be plotted in a Hawlett Packard 
Model 7015A X-Y recorder. 

2 . 6 Cryostat • 

A liquid nitrogen cryostat was designed and 
fabricated in our laboratory. This can be used in the 
range 77 K to 300 K. The cryostat i.s shown in fig. (2.4). 
There are two concentric cylindrical brass vessels 
connected by thin walled stainless steel tube. This tube 
is used for pouring the liquid nitrogen in the inner 
vessel. A copper rod of 3 cm. dia is attached to the inner 
vessel. This rod, called the cold finger, can be demounted 
whenever desired. The thermal insulation between the two 
vessels is provided by evacuating the space between them. 
The absorbex' can be kept pressed to the cold finger by a 
flat thick copper plate. This gives a better uniformity of 
temperature over the sample zone. Nichrome wire is wounded 
on the cold finder near the sample zone with mica 
insulation for heating the sample. The temperature of the 
sample is measured by means of a copper-constantan 
thermocouple. The leads of the thermocouple and that of 
the heater are taken out through glass to metal seals fixed 
at the outer vessel. Myler windows are provided on the 
outer vessel assembly for admitting gamma-rays. The bottom 
flange can be easily opened to change the samples. All 
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Design of the cryostat used in the Mossbauei 
experiments carried out in the temperature 
range 80 - 300 K . 
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parts of the dewar are nickel electroplated to prevent 
heating by radiation. 

2 . 7 Sta.ndxxT-d, Ahsorbeis far Cctl ibr-ctt iori : 

A natural iron foil (0.0005" thick), 310 stainless 
steel, Sodium Nitroprusside, and Potassium Ferrocynide 
(supplied by NEN Products, USA), were used for the 
calibration purpose. 

2.8 Sctm.pl & Pr-^pcix-cit tort : 

The method of preparation of absorbers differ from 
sample to sample. Hence, it will be discused in detail 
with the study of each sample. X-ray diffraction was used 
to verify the crystal structure. 

2.9 Thickrtoss Opt inti sett tort of th.o AbsoTboTS- : 

It is well known that the area and width of Mdssbauer 
spectral lines are substantially modified by saturation 
(thickness) effects, unless the absorber is very thin. 
This is, of course, a property of absorption spectra in 
general [9]. The line broadening of the Mossbauer spectra 
due to thick absorbers has been analysed in detail by 
several authors [10-13]. The integrated area A, of a 
Mttssbauer absorption peak is given by the saturation 
function L(t) for a Lorentsian line shape as 

. I fsP L(t) 


A 


( 2 . 1 ) 
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where f is the recoilfree fraction of gamma-ray source, r 
s 

is the natural line width of the absorption spectrum and, t 
is the effective absorber thickness which is given by 

t = c'nf (2.2) 

a 

where- ct is the resonance cross-section of the absorbing 

Z 

nuclei, n is the number of absorbing nuclei/cm in the path 
of gamma-rays and, f is the recoilfree fraction of the 

3 . 

absorber . 

In order to increase the resonance absorption and 
reduce the non-resonance absorption, as far as possible, 
the thickness of the absorber should be optimised. 

The number of transmitted gamma-rays at the resonance 
dip as a function of absorber thickness is given by the 
equation [14] 

N(t,V^) (l-f)N + f N exp(-t/2)J^(it/2) (2.3) 

here t is the thickness parameter, is the Doppler 

velocity and, N is the number of gamma-rays incident 
corresponding to the particular transition in the absorber. 
The amplitude of the MOssbauer line is then 

N-N(t,V^) = fNCl-exp(-t/2)J^(it/2)] (2.4) 

is the aero order Bessel function of imaginary 
argument. This expression suggests that the resonance 
absorption amplitude increases with thickness mono- 
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t.onically'. As the number of active nuclei in the path of 

gamma-ray photon increases the absorption will be more. 

If, however, the absorber is too thick the non- resonant 

damping of all gamma-rays will increase and the background 

noise will also increase resulting in masking of the 

spectrum. On the other hand, if the absorber is too thin, 

the resonance effect would be reduced because of fewer 
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active nuclei ( Fe) in the path of the gamma- ray. Thus 

there must be an optimum thickness, which for a given 
number of incident photons, will give a larger absorption 
peak. When the non-resonant absorption is also taken into 
account [13], the amplitude becomes 


N-N(d,V ) 
o 


fN 


l-exp( 


•M^d/2) 


/- d ^ 


exp(-f-i^d) 


(2.5) 


where p and are the maximum resonant and non-resonant 

JT Si 

absorption coefficients. The relation between and o* is 


P 


r 



( 2 . 6 ) 


here d is the actual thickness of the sample and n/d is the 
density of the active nuclei. Shimony [15] maximised this 
with respect to d to get the highest peak for a given N. 
The optimum thickness in that case is given by the equation 

p^ exp(p^d^ / 2) - J^(i AJ^d^ / 2) 

^ = J„(i 2 ) w,(i 2 ) 


(2.7) 



using the identity 


- J^(x) 


d(J^(x)) 
dx 

If we concentrate on a good spectrum with minimum 
statistical uncertainty a better parameter for that is 

a = Amplitude of the absorption dip 

Statistical incertainty in the counts 

At velocities far away from V the counts are 

o 

N(d,co) = N exp (-p, d) (2.8) 

If the absorption is not too large then the statistical 
uncertainty is given by 

AN = [N(d, 

= [N exp 

d 


Therefore , 


«(d) 


ip d 

fVN [ l-exp(-p d/2) J C — ^ — )3 

O ill 


exp C- 




) 


, . , (2.9) 

Equating the derivative of «(d) with respect to d to aero, 
we get, 


fj exp (fj d / 2)-J(ipd/2) 

r_ ^ ro o ro 

^r^o^ 2 ) + J, ^r^o^ 2~) ^ 

From this equation, we can find d in terms of p and p . 

o r a 
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2, 10 Th.e’ Effect of Geometry on fiUssboLuer- Spec t ra. : 


The effect of geometry on Mossbauer experiments are • 
predominantly of two types. Firstly, as the source moves, 
the distance between the source and the detector changes. 
The count rate, which depends on the distance between the 
source and the detector, changes in a manner consistent 
with 1/r^ dependence and one gets a non-flat baseline in 
the Wdssbauer spectrum. Throughout our experiments, the 
source moves in constant acceleration mode. The velocity 
of the source can be written as 


4V 

V(t) = -V^ + t 

4V 

V(t) = t 


for 0 < t < T/2 


( 2 . 11 ) 

for I < t < T 


here V is the amplitude of velocity and T, its time 
o 

period. The distance between the source and the detector 
can be obtained by integrating equation (2.11) and is given 
by 


x{t) = - V^t + t^ 0 < t < T/2 

( 2 . 12 ) 

2V 

x(t) = 3 V^t - t2 . T/2 £ t < T 

here x is the distance between the source and the detector 
o 

at time t = 0. The distances between the source and the 
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detector given by equation (2.12) should match at t = T/2. 

This gives X = x - V T . Writing x{t) = X. + hx(t), we 
o o o o 

get 

2V 

x(t) = - V t + t*^ 0 < t < T/2 

o 1 

(2.13) 

9 

= 2 V t t T/2 < t < T 

o 1 


The count rate in the absence of any absorber can be 
expressed as 

C(t) = ^ (2.14) 

[X^ + Ax(t)3 

here K is a constant. 


The maximum value of lAx| is at t - T/4 and 3T/4 where 

velocity of the source is zero 


I (Ax) j 


max 


V T 
o 

8 


(2.15) 


If the dwell time is 100 ps and the spectrum is 

recorded in 512 channels then 

T = 100 ps X 512 = 51.2 ms 


If 

For x^ 


V T 
o 


10 mm/sec, — 0.05 mm 
= 5 cm 0.001 
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If we expand equation (2.14) using the bionomial theorem 
then we find that the first-order shift in baseline is = 
0.1% at the maximum. This ma.y be neglected if the 
resonance absorption is much larger. But one should be very 
careful if the resonant absorption is small. 

The simplest way to nullify the effect due to 
first-order shift in baseline is to 'fold' the data about 
the maximum velocity. Since V(t) = V(T-t), it is justified 
to add the counts in channels corresponding to time t and 
T-t. This will eliminate the effect due to the changes in 


count rate 

in 

the first order and 

will 

also improve 

the 

statistics 

of 

the experiment. 

This 

procedure can 

be 

followed only 

if the linearity of 

the 

velocity cycle 

is 


extremely good in both halves of the velocity cycle and 
there is no significant phase shift between the advance 
pulse of the address scaler and the velocity waveform. 
Otherwise, folding the spectrum would result in bad quality 
and poor resolution. 

The second effect, known as 'cosine smearing effect' 
is caused by the finite size of the source and the 
absorber. The gamma-rays reaching the detector have 
different angles with respect to the direction of motion of 
the source. If this angle is &, then the energy of the 
gamm-rays as seen by the absorber will be given by 


E' = E, ( 1 


V Cose 
C 
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Here V is "the veloci'by of the source and C is the velocit.y 
of light. Thus, a large solid angle in the counting 
geometry will cause a distortion in the shape of t.he 
Mossbauer absorption line. This difficulty can be overcome 
by maintaining an adequate separation between the source 
and the detector. 

2.11 Curve-— Fi t t ing : 


If the relaxation effects are small then the 
Mossbauer lines can be approximated by a Lorentsian cuirve. 
The basic method of curve-fitting is to choose some 
functional form of the absorption peak, e.g., Lorentizian. 
The main purpose of these curve fittings are to find the 
values of the adjustable parameters, which provide the 
closest agreement between experimental data and the data 
simulated by the assumed function. 


Our computer programme is based upon the method 

developed by Law and Bailey [16, 17] . Let 4’^= 

Bo >B ) be the functional form chosen for the 

c in 

experimental points Y. We want to find a set of parameters 
Bp, such that 


= E 
i = l 



IN O 

E (Y. - <P, 

i = l 


(2.16) 


is minimised. Here N is the number of data points. If <p 
is expanded in Taylor series about the parameters Bj^, the 
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following is obtained by truncating all but the linear 
terms : 


1 z 


- ab 

m 

ffi 


(2. 17) 


The superscript refers to iteration i, 


If this 


substituted in equation (2.16) and the condition of minimum 

,2 


es 


= 0) is imposed, a set of m simultaneous equations is 


k 

obtained . 


These equations are solved to get the 

i+I 


corrections AB, and the new values of the parameters AB^ - 
obtained. To ensure that the new values are 
better, ABj^ is changed in small steps at the point of 


convergence so that S is minimum. 


The function of 4’ and its derivative.s are calculated 
in a separate subroutine. A change in function form can be 
accomodated by making changes only in this subroutine. The 
programme also gives the error matrix [18] from which the 
standard error in the fitted parameter B can be 
calculated. All the computations are done in DEC-1090 
computer at I . I . T . Kanpur . 
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CHAPTER 3 


Ferrites Preparation and Properties 


3.1 Int roduc t t an : 

The st-ory of ferrite began v?ith the search for 
ferromagnetic core materials of very high resistivity to 
obtain reasonably lov? eddy current losses. Indeed, this 
requirement is imperative at microwave frequencies (GHz) as 
the eddy current power loss is proportional to the square 
of the frequency for ordinary ferromagnetic materials. 

7 

Ferrites, having a resistivity of the order of 10 

-7 

ohm-meter as compared to 10 ohm-meter for iron, reduce 
the eddy current losses in them to negligible values even 
at microwave frequencies. The magentostrictive property of 
ferrites makes it suitable for transducer applications. The 
square loop ferrites have their applications in storage and 
switching devices. The gyromagnetic property has its use 
at microwave frequencies. 

Ni-Zn ferrites have gained great importance in the 
last two decades for they have higher values of saturation 
magentic moment and Curie temperature than that of Mn-Zn 
ferrites. They are more suitable for high power 
applications [1, 2] and can also be used as microwave 
resonance isolators [3]. Guillaud [4] and Pauthenet [5] 
studied their cr-T curves. Gorter [6] studied the changes in 

CEM.'^'L L’TRARY 

Acc.No, 
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■these curves caused by the introduction of the non-magnetic 
4 + 

tetravalent Ti ions. 

In this chapter we shall give a brief introduction to 
the structure and magnetic properties of ferrites so as to 
form the basis of the analysis of our experimental results. 

3.2 St rue t ure : 

Ferrites are oxides with a formula Meo.FegOg or 

2 + 3 + 2 - 

Me Feg O^. In the above formula Me represents divalent 
Mn, Fe, Co, Ni, Cu, 2n, Cd, Mg, (0.5 Li"^ + 0.5 Fe^^ ) , or 
two or more of these in mixed crystals. All these 

materials have more or less the same crystal structure as 
the mineral spinel. Spinel structure is a cubic, 

approximately close-packed arrangement of oxygen anions (r 

o 

~ 1.32 A ), with metal cations having radii 0.4 - 1.0 A. 

distributed amongst two kinds of interstices A 

(tetrahedral) and B (octahedral), coordinated by four and 
six oxygen anions respectively. The magnetic moment per 
formula unit, obtained by saturation magnetization 
measurements at low temperature, is not the sum of the 
atomic moments, but much lower. Neel explained this on the 
basic assumption that a preponderant negative exchange 
interaction (AB) between the magnetic moments of the A and 
B sublattices causes these to have antiparellel 
oreintation, so that the resultant moment equals the 
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difference between the moments of the sublattices A and B. 

This happens if AA and BB exchange interactions are 
positive and are very small in magnitude compared to the 
negative AB exchange interaction. This uncompensated 
antif erromagnet ism is called f errimagnetism . This spinel 
structure is shown in fig (3,1). 

The unit cell of the spinel lattice that has cubic 
symmetry contains eight molecules of MeFCgO^. The 

relatively large oxygen ions form an f.c.c. lattice. The 

distribution of cations in the ferrites may be one of the 
following three types : 

(i) Normal Spinel Structure : 8 Me ions are at the 

tetrahedral A site and 16 ions at the 

octahedral B site. 

(ii) Inverse Spinel Structure * 8Fe ions are at the 

tetrahedral A position and 8 Fe^"^ + 8 ions at 

the octahedral B position. 

(iii) Intermediate Structure : ^^1-x 

3+* 2 + 

tetrahedral A position and ^^1-x 

octahedral B position. 

3.3 Distrxibution of Cations^ Botwoon A caxd B : 

To a first approximation, the chemical bond in 
ferrites is assumed to be purely ionic, so that the main 
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THE POSITION OF IONS IN ONLY TWO OCTANTS IS SHOWN. 

The dashed circles belong to the other octant . The drawn 
lines indicate the 4 -fold and 6-fold co-ordination of the 
metal -ions position. Large circles : Oxygen ions j 
Small hatched circles : Metal -ions at octahedral sites •, 
Small ur>hatched circles : Metal-ions at tetrahedral sites j 

(u = 3/8) 


FIG. 3-1 UNIT CELL OF SPINEL STRUCTURE- 
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part of the lattice energy is formed by the Coulomb energy 
and the Born repulsive energy. Other contributing factors 
are ; polarisation, individual preference of certain ions 
for four fold or six fold coordination and magnetic 
interaction. These energies depend on the labtice 

parameter, a; oxygen parameter, u; and the cation 
distribution. In principle, the energy minimisation should 
give the equilibrium values of each one of these 
parameters . 

The analysis of the Coulomb energy problem [7] leads 
to the inference that a cation which has a low charge and 
is large with respect to the other cations will prefer 
tetrahedral position. The difference in the electronic 
configuration of the cations lead to another set of 
preference criteria for tetrahedral and octahedral sites : 

(i) the ions with filled 3d shell, like Zn^^ and Cd^^ 

3 

have a tendency to form covalent bonds with sp 
orbitals. They, therefore, occupy the tetrahedral 
sites in spinels; 

(ii) the ions with noble-gas structure show no preference 
for either tetrahedral or octahedral sites and; 

(iii) for half-filled 3d-shell with spherical symmetry, 
no individual preference is shown for either 
position. Here the preference will be determined by 
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the influence of crystalline electric field 
orginating from the neighbouring ions on the average 
energy levels and the spatial distribution of the 3d 
charges. Over and above these, the magnetic 
superexchange interaction energy is strongly 
dependent on the distribution of the magnetic ions 
amongst the crystallographic positions. The 

magnitude of this energy is, however, comparabively 
small. 

For the cases where both types of cations (Me and 
3+ 

Fe ) occupy a particular type of site, tetrahedral or 
octahedral, as in inverse spinels or intermediate 
struct-ure, the distribution of different cations in any 
sublattice, A or B, is random. 

For a spinel ferrite of the compsotion, e.g. 

(Me^^Fe?^ ).[Me?^ ’ theequilibrium distribution 

X xXA J-X jL*'Xi5'^ 

is determined by a Boltzman expression given by N<^el [8] : 

xCxtU - exp (-E/kT) (3.1) 

in which E is the energy involved in the interchange of a 
Me*^ ion in the octahedral position and a Fe ion in the 
tetrahedralposition. An accurate determination of x from 
X-ray diffraction is usually impossible. Pauthanet and 
Bochirol [9] have determined x and thus E from magnetic 
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saturation data for MgFegO^ and CuFcgO^ . 

3.4 Magnetic Properties of Ferrites : 

N^el [10] assumed that a f errimagnetic crystal 
lattice could be devided into two sublattices such as would 
be formed by the A and B sites in the spinel structure. He 
considered only a single kind of magnetic ion with k and a 
the fractions of magnetic ions on A and B sites 
respectively. The interactions between magnetic ions may 
be classed as A-A, B-B, A-B, and B-A. In the N<&el's theory 
it is assumed that the A-B and B-A interactions are 
identical; they predominate over A-A and B-B interactions, 
and are such as to favour the alignment of the magnetic 
moment of each A ion antiparallel with the moment of B ion. 
The magnetic interactions are limited to the nearest 
neighbours only. With n representing the molecular field 
coefficient between the nearest neighbour A-B interaction, 
an the A-A interaction coefficient and ftn the B-B 
interaction coefficient, the molecular fields at the A and 
B sites are 

= n (aX - MMg) (3.2) 

Hg = n Wp Mg - XM^) (3.3) 

here the minus sign shows that we are considering only the 
case of antiferromagnetic interactions. N<^el has shown 
that in this case the high temperature susceptibility can 
be expressed in the form 
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j. _ T-e 

n ~ C t'-S ’ (3.4) 

where 

0 = -nC (2X/J - X^ct - 
? = n^C Xpj [X(l-Kx) - 

0 ’ = nCX;j (2 + a + ft) 

Ng^ J(J + 1) 

and C = 

3k 

where "the "terms have "their usual meanings. 

The above equa"bion represents a hyperbola, with an 
asymptotic Curie point & and the paramegnetic Curie poin"t 


n C / ^ 

'^C ~ T~ + y^(Xo., - jufJ) +4Xp] (3.5) 

The predicted susceptibility curve of a f errimagnetic 
material is shown in fig (3.2). 


At the temperature below the paramagnetic Curie point, T„, 

v> 

the magnetisation of each sublattice follows a Brillouin 
function : 


«A = «a'°> ] 

f ^ ^'D ^ 

I kT^ j 


( 3 . 6a ) 


(3.6b) 


Since Hg, and Mg will, in general, have different 

temperature dependence. 



l/X=T-0/C- ^/T-0 
or 

1/X=T-Tc.T-Tc/C(T-0) 

0 ♦ 0 = Tr ♦ Tr 


FlG.3-2 THE NEEL HYPERBOLA. THE EXPERIMENTALLY 
OBSERVED SUSCEPTIBILITY IS SHOWN BY THE 
SOLID SEGMENT 
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Yafet and Kittel [11] modified the Noel’s theory of 
f errimagneti sm of single A and single B sublattices, and 
introduced A, A" ; B, B’ sublattices. They proposed that a 
large antif erromagnet ic B-B interaction leads to canting of 
spins at B and B' sublattices and similarly large 
antiferromagnetic A-A interaction leads to canting of spins 
at A and A’ sublattices. This model was experimentally 
verified for a number of materials, e.g. , CuCrgO^ [12] and 
MnCr^S^ [13]. 

The Ni-ferrite has an inverted spinel structure and 

consequently, its magnetisation is due to the Ni ions 

only. The substitution of Zn ions, which occupy the 

A-site upsets the ferric balance. Firstly, the 

2 + 3 + 

non-magnetic Zn displaces an Fe ion of A-site to the 

B-site so that there is no longer a complete cancellation 
3 + 

of “the Fe‘ Tnomen1:s in fhe two sublattices. Secondly, the 
3 + 

displaced Fe ion which has gone to B-site takes the place 

2-f- 3+- 

of the newly removed Ni ion. Since the Fe ion has a 

large mangetic moment, this would increase the saturation 

2 + 

magnetization. However, as the concentration of Zn ions 

3-f 

increases, the reduced number of Fe ions on the A-site 
are less able to maintain the alignement of the 
B-sublattice moments against B-B interaction . Thus the 
canting of moments start at the B site. With the increase 
of Zn concentration at the A-site canting angle also 
increases and hence the net saturation magnetization 
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decreases . decreases with the increase of 
Zn-concentration [4, 6], 

The arguments of this section are based on the 
molecular field approach of Neel. Because of the 
complexities of the structure and the problem introduced by 
the non-equivalent sublattices not much advanced level of 
work has been done beyond the generalisation of Noel’s 
theory to three sublattice case [14, 15], 

3.5 Pr&pa.ra.t ion Techniq-ue : 

Polycrystalline ferrites are usually formed by 
solid-state reactions. For example, the stoichiometric 
nickel ferrite may be written as NiO, FegO^ and the 
reaction forming this from the solid constituent oxides is 

NiO + FCgOg > NiFe^O^ 

In order to produce such a reaction in a reasonable 
time, an intimate mixture of the two oxides must be raised 
to a high temperature, of the order of 1400'^C. It is of 
utmost importance to make materials of known composition 
and properties in a reproducible manner. Both the initial 
and final firing conditions play an important role in this 
standardization. For example, with given materials the 
final chemical composition may not be unique without proper 
firing conditions. In particular, the valence state of the 
metal ions present and the amount of oxygen taken into the 
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lat.t.ice may vary. In a ferri-be, many ions can occur in 
different valence states; iron, for example, can occur as a 
divalent or a tri valent ion. If either the gas atmosphere 
during firing is not sufficiently oxidising, or the ratio 
of the quant-ities of metal in the starting material is not 
correct, the desired concentration of a given valence state 
ion cannot be obtained. Where the deviations are 
considerable a second phase segregates from the ferrite. 
This can have an adverse effect on the magnetic properties 
of the ferrite. 

A sintered polycrystalline ferrite is not truly a 
'solid’ but contains many pores. The quantity, size and 
shape, and distribution of these pores throughout, the solid 
will vary with different forming techniques, firing 
t,emperatures and firing time. Evidently, the distribution 
and size of the pores will affect the physical properties 
too . 


The basic steps in the preparation of ferrites are 
(i) preparation of materials to form an intimate mixture 
with the metal ions in the ratio which they will have in 
the final product; (ii) heating this mixture to form the 
ferribe; (iii) powdering the prepared material and pressing 
into the required shape and; (iv) sintering to form the 
final product. All these steps are not necessarily 


distinct steps. 
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To avoid "the leng^thy milling process involved in dry 
mixing and to improve the homogeneity, the samples for 
present work were made by the solution route t-echnique. 
The calculated amount of the dried salt mixtures of the 


metallic 

ions 

were used. 

The 

dried 

salt 

mixtures 

were 

taken into an 

alumina crucible. 

They 

were 

heated 

in an 

electric 

furnace at 800°C 

for 

three 

hours , 

The 

sait^s 


decompose to respective metal oxides at this temperature. 
The loss of weight in the sample confirmed the 
decomposition. The mixture was ground to fine powder. The 
decomposed sample in the form of fine powder was again 
ground to bring about through mixing. Polyvinyl alcohol 
(PVA) was added to the mixture as binder and was pressed 
into cylindrical pellets. The pellets were fired at 900*^0 
for about 10 hours in alumina crucible. After slow 
cooling, the pellets were again ground to fine powder. 
Cylindrical pellets were made using PVA binder. The 
pellets were packed with packing material of similar base 
composition in alumina crucible. The samples were finally 
sintered at 1200'^C for about 7 hours under oxdiaing 
atmosphere. The packing material around the fired sample 
was carefully removed. The purpose of packing powder is to 
prevent the evoparation of Zn. X-ray diffraction was done 
on a Siefert X-ray unit with Gu as target. The X-ray 
diffraction pattern confirmed the presence of a single 
spinel phase in all the samples. 
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3.6 Or-igi'n of tfio Int&nxa.'L Mag'/xe-tic Fiold. at t?xe Nxich^xis 


The Mcssbauer [16] and NMR [17-21] mectsuremenhs have 
been made on a great, variety of magnetic solids, revealing 
the presence of large internal magnetic field acting on the 
nuclei of these materials. These internal magnetic fields 
also affect specific heat [22, 23] and EPR [24, 25] 
results. These fields can give important information about 
the distribution of the cations and may yield valuable 
insight, into the mechanism responsible for the magnetic 
behaviour of solids. Apart from the external, 
demagnetising and Lorentsian magnetic fields, there is an 
effective magnetic hyperfine field on the nucleus. This 
field is the sum of various contributions which are 
intimately related to the electronic structure of the 
magnetic solid. Marshall [26, 27] and Watson and Freeman 
[28, 29] have built the foundations of a theoretical 
understanding of these contribxxtions . The magnetic 
interaction, in one electron approximation, was first 
treated by Fermi [-30] using the relativistic quantum 
mechanics. The Hamiltonian of this interaction may be 
expressed as 


se = gg. 


e n 


6 (r ) S . I + 


(L-S) . I 

3 

r 


3(3,r)(I.r) 


where L, S and I represent, respectively, electron-orbital, 
electron-spin, and nuclear-spin angular momentum 
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opoerators; ij ^ and are the Bohr and nuclear magnetons; g 
the electronic and nuclear specuroscopic 
splitting factors, The first term of the above equation is 
referred to as the Fermi contact term. This term contains 
the delta function which describes the s-electron density 
at the nucleus* The second term, describes the interaction 
between the nuclear dipole and the orbital angular momentum 
of the electrons. The last term is the dipole-dipole 
interaction. The fermi contact term, is non-sero only for 
the s-electrons . However, for s-electrons , the other terms 
are zero. 

The Hamiltonian when expressed as - p . H gives the 

e X X 

concept of effective magnetic field at the nucleus. For 
the Fermi contact part of the Hamiltonian, the field could 
be expressed as 

H^ = 1^ gPe S|v(o)j^ 

2 

here jy'(o)| is the s-electron density at the nucleus and 
S, the electron spin. 

The Fermi contact term has been generally accepted as 
providing the explaination for the origin of the hyperfine 
fields observed in free atomic spectra, molecular beam 
measurements and the Knight shifts in metals. In all these 
systems, the density at the nucleus of an outer unpaired 
s-electron is considered to be responsible for the observed 
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effective magnetic field. For systems such as Fe^"*" 

with no unpaired s-electron but with a net spin no 
hyperfine field is expected to exist. The origin of large 
hyperfine field actually observed for these cases remained 
a puszle until Sternheimer [31] suggested that the 
polarisation of the core electrons by the spin of outer 
electi'ons would produce a net spin density at the nucleus 
and hence via Fermi contact interaction. Wood and Pratt 
[32] and Heine [33], in independent investigations, 
estimated the magnitude of the effect and showed that the 
reasonable agreement with experiments could be achieved by 
this method. 

Theoretical calculation, based on one-electron 

approximation, of the magnetic hyperfine interactions were 

made for many atoms. However, when these calculations were 

compared with experimental values of the hyperfine fields 

in solids, it was found that the one electron approximation 

is totally inadequate in most of the cases. To cite one 

example, the EPR measurement of hyperfine constant for Mn 

ion [34] indicated a field of 550 KOe. The ion has a 

5 6 

configuration 3d with as its spectroscopic state. 

Because of the spherical symmetry of the charge 
distribution around the nucleus the dipolar term is zero. 
The Fermi contact term is also zero in one electron 
approximation . 

Another difficulty in one electron approximation is 
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about the sign of the field. The field at the nucleus, in 
one~electron approximation, is expected to be parallel to 
the direction of atomic magnetisation. But in many 
experiments [35, 36] it has been observed that the 
hyperfine field at the nucleus is opposite to the atomic 
magnetisation . 

Watson and Freeman [28] treated the problem of origin 
of effective field in magnetic materials in great detail. 
Their calculations are based on Hartree-Fock method. In 
the usual application of the Hartree-Fock method, one 
assumes a single Slater’s determinant with one electron 
function. This is solved for variationally by following a 
self-consistent field procedure which minimises the total 
energy of the system with respect to small variations of 
the one-electron functions [37, 38]. There are several 
restrictions which are associated with the conventional 
application of the method. The one that concerns us 
involves the requirement that electron in the same atomic 
shell but differing in spin have the same radial 
wavef unctions . For the system with the net spin (say , 
this restriction is no longer valid since the electrons 
with up spin experiences different exchange 
interactions than do electrons with down ( 4 .) spin. 
Relaxation of the restriction of the common radial 
wavefunction in H-F calculations, leads to different 
charge distributions for the orbitals in the same shell but 
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differing in spin and hence to a net spin density [jv(o)j^- 
Iv^Co)}^], This difference is the origin of non~sero Fermi 
contact interaction for paired s-electrons and a convenient 
mesure of this is given by 

^ ^ E [i>/^(o)|2- j¥do)ib (3.7) 
n 

here S denotes the number of unpaired (spin up or down) 
electrons and x is expressed in atomic units. With x in. 
atomic units, hyperfine field is found in gauss by using 
the conversion factor 1 a.u. of « = 4.21 x gauss. 

Qualitatively, the situation of core polarization is 
some what lilce that shown in fig. (3.3). The core-radial 
wavef unction densities are shown for H-F and unrestricted 
H-F approximations . The heavy arrow indicates roughly the 
position of the maximum in the 3d spin density. In H-F 
calculations, it is assumed that core electrons of up and 
down spins have the same radial distributions. When we 
relax this assumption, we get a change in the radial 
distribution for spin up and spin down core-electrons. 
Exchange polarization thus produces unpairing of 
core-electrons and hence a net spin density at the nucleus. 

Another contribution to the hyperfine field is the 
dipolar field Hp produced by the surrounding magnetic ions. 
It arises out of the dipolar interaction between the 
nuclear dipole and the electronic dipole and could be 






expressed as 
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Hd = <r <3Cos^©-l> <s> 

« 

In case of cubic symmetry is zero. 

Yet another contribution to the hyperfine field is 
the orbital current field, This is produced due to the 

unquenched orbital moment of the atom and is g-iven by 

% = 2 <r"t 

3 - 4^3 9 

In case of orbital singlet, such as d"^ , d^ . d^ , a and d 
configurations, the orbital moment is quenched and is 

zero . 


Lastly, the most imporotant contribution to the 
hyperfine field, which will be discussed in iater chapters 
is the supertransf erred hyperfine field 

called super- transferred because the spin-density here is 

transferred from a distant cation to the central cation via 

an intermediate anion in a similar process as that proposed 

for superexchange. The super— transferred hyperfine field 

has been extensively discussed by Slmanek et al . [39 3 and 

Sawatzky et al . [40, 41]. They studied clusters composed of 

2 - 

a central ferric high-spin ion in an octahedron of six O 
ions which in turn were surrounded by six ferric high spin 
iron ions. at ion at A site is due to the spin 



"transfer from the d orbitals of the nearest-neighbour 
cations (i.e., belonging to the B sublattice) through the 
ligand anions to the s-orbitals of the ion under' 

consideration. The direction of is parallel to 

Mg(B) and thus parallel to H^^(A) if the magnetic moments of 
the ions at A and B sites are antif erromagnetically 
coupled . 

Huang et al . [42] gave two mechanism that can produce 

supertransf erred hyperfine field. These mechanism are 
shown in figs (3.4a) and (3.4b). 

In the first mechanism, fig. (3.4a) the 2p^ orbital 
on the ligand contains a certain -fraction of unpaired spin 
density which has been transferred from a d 2 orbital on 

3 

2 + 

Mn (1). This unpaired spin on the ligand orbital can be 

2 + 

partly transferred to the s-orbital on Mn (2) by 

orthogonal isation, giving an unpaired spin density in the 

occupied ns orbital. The net effect of Mn^ (l)i is, 

therefore, the creation, of unpaired s-electron spin density 

at Mn^’^(2) which has the same spin direction as the d^2 

orbital of Mn^'^(l), i.e., opposite to the spin direction of 

d 2 (Mn^"^(2)). Since, by negative core polarisation we 
z 

mean “that the hyperfine field produced by the d-electrons 
is opposite to that which would be produced by the 
s~electroTiS with the same spin direction as the 
d^electrons. The effect of this covalent transfer is to 


increase the absolute value of the hyperfine field. 
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Mn^M^or Fe^') 


2s 



F (or O^") 


Fig. 3-4 (a) 


3d f 



Atomic orbitals involved in constructing 
the antibonding molecular orbitals at 
Mn (1) involving the ligand and Mn (2) 
orbitals. 




F" (or 0^") 




2s 2 P 2 



F'(or 0^") 


Fig. 3.4(b) 


# 


(i) Ground configuration of 
Mn(1)“ligand-Mn(2). 

(ii) Excited configuration where an 

electron has been transferred from 
the d“Orbital of Mn(1) to the 
unoccupied 4s-orbltal of Mn(2). 




In the second mechanism, fig (3.4b), an electron is 

transferred directly from the 3d 2 of leaving it 

3 

as Mn , to an unoccupied 4s-orbital on Mn^ (2). The 
charge transfer Hamiltonian being spin independent, the 
spin of the electron transferred to the 4s-orbital on 
Hn^^(2) is the same as that on or opposite to the 

spin of the d-orbitals on Mn^^(2). Just as for the first 
mechanism, this again leads to an increase in the absolute 
value of the hyperfine field. 

The IJbssbauer hyperfine field in the ferrites 

consists of both the Is, 2s, 3s core polarisation contact 
term (eqn. 3.7) and the supertransf erred term described 
above and hence can be written as 

tff = “ 

This equation forms the basis of the analysis of our 
the substituted Ni-Zn ferrites. 


lidssbauer data on 
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CHAPTER 4 


MOSSBAUER AND MAGNETIC STUDIES OF Ti"*^ SUBSTITUTED 

Ni-Zn FERRITE 

4.1 Introduction : 

Ni-Zn ferrites of general compsotion Ni, Zn Fe^O. (y 
= 0. 0-1.0) have been widely studied [1-6]. The most 
interesting physical properties of this system, both from 
fundamental and applied points of view, are the properties 
related to its magnetic structure. 

In Ni-Zn ferrite the saturation magnetization attains 
a maximum value at concentration y = 0.5 [7,8] and then 
decreases upto y = 1.0. The N<^el’s theory [9], which is 
able to account for the initial increase, is, however, 
unable to account for the subsequent decrease. Over the 
past years, several theories have been proposed to 
elucidate the magnetic properties of Ni-Zn ferrite system, 
the two most prominent being the Yaf et-Kitteh' model [10] 
and the Gilleo model [11]. In the Yafet-Kittel model, a 
canted spin structure is assumed whereas in the Gilleo 
model superparamagnet ic clusters are assumed to be present. 

Previous investigations of Ni-Zn ferrite system have 
produced a considerable body of contradictory results. The 
neutron diffraction study of Wilson and Casper [12] 
indicated that for y = 0.5 in the Ni j^_yZn^Fe20^ ferrite the 
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mag’ncs'tic intensit-ies of the diffraction pattern could be 
besb fitbed if a non-canting configuration was assumed for 
"the Fe spins and a random orientation of Ni^^ spins - 
Ishikawa [13] investigated the macroscopic magnetic 
properties of Ni~Zn ferrite at high Zn concentration and 
concluded that superparamagnetic clusters rather than 
canted spin structures were present. The neutron 
diffraction study of Ni-Zn ferrite system by Satya Murthy 
et al . [14] supports the existence of canted spin sturcture 
for y > 0.25. 

The first investigation of the hyperfine magnetic 
field at the iron nucleus in Ni-Zn ferrite system, in the 
region of low Zn content was performed by NMR spectroscopy 
by Abe et al. [15]. They reported the existence of two 
hyperfine fields, one at the tetrahedral (or A) site and 
the other at the octahedral (or B) site. They also found 
that the octahedral field decreases more rapidly with bhe 
increasing zinc concentration, while the tetrahedral field 
showed very little change. 

In the first systematic investiation of Ni-Zn ferrite 
system by Md-ssbauer spectroscopy, Goldanskii et al . [2] 
reported the existence of two hyperfine fields 
corresponding to the two sublattice sites, but contrary to 
the NMR investigations, they reported that the tetradedral 
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field decreased more rapidly wifh Zn contend "than "tiie 

octahedral field. But later on. this was again 
contradicted by Daniels and Rosencwaig [3]. Again, 

Goldanskii et al. did not find any evidence of 
superparamagnetic clusters as suggested by Gilleo and by 
Ishikawa’s experiments. No attempt, however, was made to 
test the presence of canted spin structure as proposed by 
Yafet and Kittel . Daniels et.al. [3] found that the 

fK5ssbauer spectra of Ni^_yZnyFe 20 ^ ferrite system at room 

temperature consist of two separate six-line Zeeman 

0_L 

pa't'berns 5 one due to Fe ions at the A site and the other 
due to Fe^^ ions at the B site for y = 0.0, 0.25 and 0.40. 
For y = 0.62 the l^ssbauer spectrum is a relaxed one 
whereas for y > 0.7 the spectra are very similar to 

paramagnetic spectrum consisting of an intense octahedral 
doublet and a we^k tetrahedral singlet. 

Raj and Kulshreshtha [4] studied Ni^.^Zn^FegO^ 
ferrite for y = 0.5 and 0.75 at various temperatures and 
found that with the increase in temperature the hyperfine 
field decreased more rapidly than that was expected from 
the decrease in sublattice magnetization. They tried to 
explain this by assuming the existence of collective spin 
flipping as in the case of superparamagnetic relaxation. 
Neutron diffraction studies [14] and M^ssbauer studies 
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[3,5] discarded ihe hypothesis of existence of paramagnetic 
centres. Ferromagnetic resonance studies of Srivastava and 
Patni [16] also showed that superparamagnetic clusters do 
not exist. 

An important aspect of the study of Ni-Zn ferrites is 

the consideration of the mechanism and the physical 

3+ 

consequences of the process of the transfer of Fe ions 

from the tetrahedral to the octahedral sites induced by the 

2 + 

presence of non-magnetic Zn ions. If, however, one 
starts with a given concentration of Ni and Zn in Ni-Zn 
ferrite and introduces a non-magnetic ion of higher valency 
(e.g., Ti'^'^, Sn'^'*’ etc.), the requirement of charge balance 

will initiate Fe'^'*' transfer through a different kind of 
process. The partial pressure of oxygen at the time of 
sintering and cooling also plays a major role. 

Ti"^^ substituted Ni-Zn ferrite system were studied by 
a number of workers [17-22]. Khan et al . [17, 18] found a 

very interesting behaviour of saturation magnetisation in 
aubatituted Nig jZng ^FejO^ ferrite. They observed 

that there is an unexpected dip in the saturation 
magnetisation curve at Ti^’" concentration of 0.03 per 
formula unit. They interpreted this as an effect of 

distribution of Tl'*'^ ions between A and B sites. Tl'* ions 
enter A site upto Ti^+ concentration of 0.03 per formula 
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unit and afterwards to the B site also. This transfer 

process causes an aug-mentation in the canting angle from 
51*^ at zero concentration of Ti^^ to 60'^ at the Ti^ 
concentration of 0.03. This is followed by a subsequent 
decrease in the canting angle by 5 upto the Ti 

concentration of 0.146 and then becomes almost constant 
upto the Ti"^^ concentration of 0.285. This type of 

anamolous behavioui" in Ni-Zn ferrite system was also 
corroborated by the experiments of Das et al . [19] for a 

wide range of substituted Ni-Zn ferrites ( substitutents • 
Ti'^'^, Zr^"^, Nb"’'^and Sn^"^ ; and Zn concentrations : 0.3, 0.5- 

and 0.7). 

Baijal et al . [20,21] studied ^n^ _ . 75+x’^^x 

Fe 0 (X = 0.0 to 0.5 in the steps of 0.1) ferrite and 
Puri et al. [22] studied Zn^Ni <y = 0.1 and 
0.5; X = 0.1 to 0.9 in the steps of 0.2) ferrite. Their 
work did not yield any anamolous dip in the saturation 

magnetisation ourye as observed by Khan et al. [17, 18]. 

Contrary to the results of Khan et al. [17.18] and Das et 
al. [19], the results of Baijal et al. [20,21] and Purl et 
al. [22] show that Tl^'" ions occupy the B site first upto 
the Tl^’" ooncentraticn of 0.3 and beyond this concentration 

it occupies both A and B sites. Thus the occupation of 

tetravalent non-magnetic cations particularly at low 
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concentrations, remains an open question. Khan et al. [18] 
could not analyse the Mdssbauer data satisfactorily as the 
spectra were relaxed. 

The present work is undertaken to initiate the study 
of substitution effect in the non-canting zone (y = 

0.0 - 0.4 in Ni^_y.Zn^Fe20^ ferrite) in a systematic way. 
In this range, the Mossbauer spectra are not relaxed and, 
therefore, may be used to get an insight into the Ti 
distribution process as well as microscopic magnetization 
mechanism. Ti^^ range was chosen to keep the system in the 
anomalous dip zone of the experiments of Khan et al . 
[17,18] . 

In this Chapter we will discuss the Mossbauer and 
magnetic results of Ti^ substituted 

for y = 0.0, 0.3 and 0.4. For further elucidation of the 
mechanism leading to the anomalous behaviour, we will 
discuss the results of Sn'^'^ substituted Ni-Zn ferrite 
system in the next chapter. 

4.2 Study of Titanium Substituted ^ 

Cy = 0.0, 0.3, 0.4y Ferrite : 

4.2.1 Titanium Substituted Ferrite : 

The nickel ferrite system is completely inverse 
spin«l, »ith the unit cell ooneisting of eight formula 
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units of the form (Fe^"^) [Ni^'^Fe^'^10^ . The 32 oxygen 

anions per unit cell form a face centred cubic lattice with 

the metallic cations occupying the interstices. The 

cations enclosed by ( ) occupy the tetrcihedral sites or A 

sites and the cations enclosed by [ ] occupy the octahedral 

2 + 

sites or B sites. Ni ions have preference for octahedral 
sites because their charge distribution fits into the 
crystal field of octahedral sites [23]. 

Mttssbauer spectra of samples were recorded at room 
temperature and liquid nitrogen temperature. They show a 
well defined Zeeman pattern consisting of two separate 
sextets due to Fe^^ ions at A and B sites. Mbssbauer 
spectra of ^ ^ ^ 

are shown in figs. (4.1) and (4.2) respectively. 

The isomer shift of Fe ions (with respect to sodium 

nitroprusside) at tetrahedral site, I.S.(A), and at 

octahedral site, I.S.(B) show no significant change with 

Ti'^'^ substitution at 295 and 77°K [fig. (4.3)]. The 

weighted average value of isomer shift at A and B sites of 

Ni Ti Fe o 0, ferrite at 295°K are 0.536 ± 0.002 and 

1+x X 2-2x 4 

0.645 ± 0.002 ram/sec respectively. At 77 K, the weighted 
average value of isomer shift at A and B sites are 0.721 ± 

0.002 and 0.873 ± 0.002 mm/sec respectively. 



velocity (mm / sec. ) 

Fig. 4.1 Mossbauer spectra of Ni|^x ^®2-2x 

at 295»K (a) x =0 005 , (b) x = 0-015, (c) x =003 
(d) X =0- 05 , (e) X = 0-1 . 
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VELOCITY (mm / sec ) 

Mossbauer spectra of ^®2-2x ^ 

(a) x = 0-005^ (b) X = 0-015 , (c)x = 0-03 , (d) x = 0-05^ 
(g) x= 0-1 - 
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Fig. 4-3 Variation of Isomer shift with Ti concentration 
in Ni,.), Tiy Fe2-2x ^4 . 
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Fig. 4-4 Variation of effective magnetic field with Ti 
concentration in Ni^*^ Tix ^®2>2x ^4 
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In all the samples exhibiting Zeeman hyperfine 
pattern, no quadrupole splitting was observed within the 
experimental error for both A and B sites. Mossbauer 
spectra of NiFcgO^ obtained by other investigators [24,25] 
also showed zero quadrupole splitting. 


At room temperature the variation of effective 
magnetic field, ^ ® sites with Ti 

concentration is shown in fig. (4.4). It is observed that 


there is no significant change in the at B site, 

it remains almost constant at a value of 527 ± 1 KOe. 


and 

But 


there is a decrease in the at A site from 496 ± 1 KOe 

to 491 ± 1 KOe as the concentration of Ti^^ increases from 
X = 0.005 to X = 0.1. A similar behaviour of at the 

two sublattices is observed at liquid nitrogen temperature 
[fig. (4.4)]. H_^^j(A) decreases from 505 ± 1 KOe to 498 ± 1 
KOe whereas remains almost constant at a value of 

548 ± 1 KOe the oonoentratior, of inoreaaea from x = 

0.005 to X = 0.1. The valoo of at the t«o sublattioea 

at 296 and 77°K for X = 0.1 oonoentration of are in 

good agreement »lth the values reported by other vorkerx 


[263 . 


In fig. (4-5) variation of 

linewidth of the Mdssbauer absorption peak with Ti 
concentration. It ie obeerved that at 295”K the linevidth 
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4-5 Variation of full width at half maximum with 
Ti^concentration in ^'x ^®2-2x ^4 
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of the octahedral component of spectrum, remains almost 

constant at a value of 0.505 ± 0.002 mm/sec whereas the 

linewidth of the tetrahedral component of spectrum, T ,, 

A 

increases from 0.645 ± 0.003 mm/sec to 0.760 ± 0.003 mm/sec 

as the concentration of Ti^ increases from x = 0.005 t.o x 

= 0.1. There is a little decrease in the value of r„ from 

o 

0.505 ± 0.002 mm/sec at 300°K to 0.490 ± 0.003 mm/sec at 

77 K and it remains almost constant at this value if 
4 + 

T1 concentration increases from x= 0.005 to x = 0.1. 
decreases from 0.645 ± 0.003 mm/sec at 295°K to 0.590 ± 

0.002 mm/sec at 77'^K. At 77°K, F^ increases from 0.590 ± 


0.002 to 0.690 ± 0.002 mm/sec as the concentration of Ti 
increases from x = 0.005 to x = 0.1. 


, 4 *^ 


4.2.2 T i tcaxtxxrn. Sxxhs ti txit&dt q 

Mttssbauer spectra of Ni^ 3'^^x^®2-2x^4 ^ - 

0.1) at 295 and 77°K are shown in figs, (4.6) and (4.7) 

respectively. These spectra show a well defined Zeeman 

3+ 

pattern consisting of two separate sextets; one due to Fe 

3 + 

ions ai A slie and the other due to Fe ions at B site- 


The isomer shift of ions (with respect to SNP) 

at tetrahedral site. I.S.(A), and at octahedral site. 


I.S.(B), show 


no 


significant change with 


Ti 


4 + 


concentration. The values of isomer shift at 295 and 77 K 


with different concentration of Ti ions are shown in fig. 







-6 


-10 '8 


Fig. 4.7 Mossbauer 
77°K (a)x 
(e)x =0-032 


Velocity (mm /sec) 

spectra o( Nio.7.x ^"0-3 Tix Fe2-2x °* 
= 0-00 , (b)x = 0-002 , (c)x= 0-01 , (d) x = 0-016 

(f) X = 0-05 , (g) X =0-08 . 
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U.8). The weighted average value of isomer shift at A and 

sites of ^^0. 7-i-x^“o.3'^^x^”2-2x'^4 ^ 0,1) at 295°K 
are 0.533 ± 0.002 and 0.625 ± 0.002 mm/sec respectively. 
At 77°K, the weighted average value of i.eomer shift with 
respect to SNP at A and B sites are 0.719 ± 0.002 and 0.840 
± 0.002 mm/sec respectively. 


In these systems too, no quadrupole splitting was 
observed within the experimental error for both A and B 
sites . 


At room temperature, the variation of H „„ at A and B 

err 

sites with Ti concentration are shown in fig. (4.9), 

From the graph it is clear that there is no significant 

change in and it remains almost constant at a 

value of 495 ± 1 KOe , H^^^CA), on the other hand, 

decreases from 4 87 ± 1 KOe to 48 3 t 1 KOe as the 

concentration of increases from x = 0.00 to x = 0.08. 

A similar behaviour of H^^^(A) and with Ti"^^ 

concentration are observed at 77°K also [fig. (4.9)]. Here 

H^f^(B) remains constant at 519 ± 1 KOe whereas ^eff^"^^ 

decreases from 492 ± 1 KOe to 486 t 1 KOe as the 

4 

concentration of Ti increases from x = 0 . 00 to x = 0.08. 

For aero concentration of Ti the values at the two 

sublattices at 295 and 77°K are in excellent agreement with 
the values reported in the literature [3]. 





Heff (inKOe) 
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In fig. (4. 10) we have shown the variation of full 

width at half maximum (FWHM) of the Mossbauer absorption 
4 + 

peak with Ti concentration. We found that there is no 
significant change in the values of Tg at 295 and with 

Ti"^^ concentration. At 295'^K, remains almost constant 
at a value of 0.775 ± 0.003 mm/sec whereas at 77°K it drops 
to 0.610 ± 0.004 mm/sec and remains almost constant at that 
value as the concentration of Ti^’^ increases from x = 0.00 

to X = 0.08. The FWHM of the tetrahedral component of 
spectrum, T , at 295°K, increases from 0.561 ± 0.004 mm/sec 
to 0.675 ± 0.004 mm/sec as the concentration of Ti 

increases from x = 0.00 to x = 0.08. at 77 K is 0.492 ± 

0.004 mm/sec for the zero concentration of Ti and it 

increases upto 0.550 - 0.003 mm/sec for x - 0.08. Daniels 

et al. [3 3 reported that at 294^ the octahedral linewidth, 
Fg, of Ni^_yZnyFe 204 ferrite increases continuously with 

tetrahedral 


the 


increasing y upto 0.62 whereas for 
linewidth, , a minima occurs at y = 0.2. At 77 K, Tg 

increases slowly as y increases from y - 0.0 to y 
followed by a sharp increase in Fg as y increases from y- 
0.4 to y = 0.7. On the other hand, F^ decreases slowly as 
y varies from 0 . 0 to 0 . 4 and than increases as y increases 
from y = 0.4 to y = 0.7. The values of F^ and Fg at 295 
and 77°K of our sample with zero concentration 
consistent with the values reported by Daniels et al.[33. 



•II 


0 0.02 0.04 0.06 0-08 

Ti^concentration (x ) 

U* 

Variation of FWHM with Ti concentration in 
Zno.3 ^4 ferrite. 
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4.2.3 Titanium Substituted Ni^ ^<^^.r-ite : 

Mossbauer spectra of the samples were recorded at 
both 295 and 77 K. They showed a well defined Zeeman 
pa’t'teiT.n consisting’ of two separate sextets. One is due to 

3 - 4 - 

Fe ions at A site and the other due to Fe ions at B 
site. Mossbauer spectra of Ni^ g+^^Zn^ 4'I’ix^®2-2x®4 ^ 

< 0.1) at 295 and 77’^K are shown in figs. (4.11) and (4.12) 
respectively. 

3 + 

The isomer shift of Fe ions at tetrahedral site, 
I.S.(A), and at octahedral site, I.S.(B) do not show any 
significant change with Ti^^ concentration. The values of 
isomer shift at 295 and ?7K with different concentration of 
Ti^^ are shown in fig. (4.13). The weighted average value 
of I.S.(A) and I.S.(B) (with respect to SNP) at 295®K are 
0.542 ± 0.003 and 0.642 ± 0.003 mm/sec respectively. The 
weighted average value of isomer shift with respect to SNP 
at 77°K at A and B sites are 0.734 ± 0.003 and 0.872 ± 

0.003 ram/sec respectively. 

In these systems too no quadrupole splitting was 
observed within the limit of experimental error for both A 

and B sites. 

The variation of at A and B sites with Ti 

concentration are shown in fig- (4.14). It ia evident from 
the graph that there is no significant change in 



COUNTS (Arb. units) 
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Fig i-12 Mossbauer spectra of Nig.g.y A ^'x ^®2-2x 

at 77''K (a) X =0 00 , (b) X =0 002 , (c)x =0.004, 

(d) X = 0 015 , (e ) X = 0-0 2 , (f ) X =0-05 , (g ) x =0.08. 
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FIG 4-14 Variation of hyperfine magnetic field 

Ti^concencentration in Niq.g^x ^"0-4 

Fe.^ov Oa ferrite. 
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and it remains almost constant at a value of 446 ± 1 KOe. 

other hand, decreases from 480 ± 1 KOe to 

474 t 1 KOe as the concentration of Ti^ increases from x = 

0 . 00 to X = 0 . 08 . A similar behaviour of 

4 + 

with Ti concentration are observed at 77°K also 
[fig. (4.14)]. At 77 K, remains constant at a value 

of 518 ± 1 KOe whereas decreases from 506 ± 1 Koe 

to 497 ± 1 KOe . For the zero concentration of Ti, the 
values of H^^^(A) and at 295 and 77°K are in 

excellent agreement with the values reported in the 
literature [3] . 

We have shown the variation of and of the 

.4+ . . 

Mossbauer absorption peaks with Ti concentration in 
fig. (4. 15). We found that there is no significant change 

o 4"^ 

in the values of at 295 and 77 K with Ti 

concentration. At 295'’K, Fg remains almost constant at a 
value of 1.150 ± 0.004 mm/sec. as the concentration of 
Ti^'^increases from x = 0.00 to x = 0.08. This value of Tg 
is a little less than the value (Fg = 1.2 mm/sec) reported 
by Daniels et al. [3] of NiQ ^Zn^ ferrite. Fg drops 

to 0.650 ± 0.003 mm/sec at 77°K and it remains almost 
constant at this value as the concentration of Ti increases 
from X = 0.00 to X 3 0.08. At 295°K, F^ increases from 
0.801 ± 0.004 mm/sec to 0.955 ± 0.004 mm/sec whereas at 

77°K it increases from 0.556 ± 0.004 to 0.691 ± 0.004 




Variation of FWHM with Tl concentration in NiQ.g^x 2*^0- 
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mm/sec as the concentration of increases from x = 0.00 

to X - 0.08. 


4.3 Discu.^siort of Results : 

4 . 3 ; 1 Isomer Shift : 

It is observed that in all the three systems i,e.> 

substituted Ni ^ _^Znj^Fe20^ (y = 0.0, 0.3 and 0.4) 

ferrite, the isomer shift of Fe' ions at both A and B- 

sites remain almost unchanged with concentration. 

Since the isomer shift, for a particular nuclear transition 

of the Mhssbauer source, is dependent only on the 

2 

s-electron charge density of the absorber, ly(0)l^, our 

34* 

results indicate that the s-electron density at the Fe 

nucleus is not affected by Tl'‘* substitution. The values 

of isomer shift at A and B sites show that iron is in Fe 

high spin state [27,28]. The result I.S.(A) < I.S.(B) Is in 

agreement with the results of other workers [29, 30] . This 

Is interpreted as due to the large bond separation Fe^ -O^ 

for octahedral ions as compared to that of tetrahedral 

ions. Due to smaller overlapping of orbitals of Fe^^ and 

o2- ions, the oovalenoy effect is small, and hence the 

isomer shift is large at the octahedral sites. It is also 

1 .sv.-i'f+ at 77°K is larger "than its 

found that the isomer shift at 

value at room temperature. This increased value of isomer 
shift at 77“K is due to the thermal red shift between the 
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source at room temperature and the absorber at 77°K [31, 

32] . 

4 . 3.2 Qxxct'dx-y.j.poX'Sf Spl i t t irxg : 


In all the samples exhibiting Zeeman hyperfine 
pattern, no quadrupole splitting was observed within the 
experimental error for both A and B sites. Mossbauer 
spectra of NiFegO^ obtained by other investigators [33, 34] 
also confirmed zero quadrupole splitting. This lack of an 
observable quadrupole splitting in ferrites has been 

mistakenly interpreted as signifying the absence of an EFG. 
That such is not the case is clearly shown by the spectra 
which no longer display a Zeeman pattern (Mbssbauer spectra 
of Ni^_^ZnyFe20^, 0.7 y < 1.0 by Daniels et al . [3]). 

The zero quadrupole splitting in such ferrites may be 
explained as due to the presence of chemical disorder. The 
chemical disorder will produce a distribution of electric 
field gradient of varying magnitude, direction, sign and 
symmetry. The resulting distribution of the quadrupole 
shift, as given by Eg. (4.1) (Matthias et al . [35]) 



(4.1) 


where is the magnitude of 

magnetic interaction tends to zero 
between the axially symmetric EFG and 
direction, will produce a noticeable 


the shift when the 
and ^ is the angle 
the magnetic field 
broadening (quadrupole 
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broadening) of the Individual -7 

-i-viauai lines of Zeeman pattern. 

Because of the overall cubic symmetry of the spinel 

ferrites and the randomness of checical disorders Eg. (4.1) 

will give rise to approximately equal probability for 

quadrupole splitting of opposite sign. Hence the centres 

of the Zeeman lines will not change. This will then result 

in no net observable quadrupole splitting. 

4.3.3 M<x.^-r\^tic Hyp^rfirve Splitting ; 

The variation of magnetic hyperfine field at the two 

sublattices could be understood on the basis of Noel's 

molecular field theory [9] and the supertransf erred 

hyperfine field, [36-38]. The at a lattice site 

is primarily due to core polarization of its site ion. But 

its variation is due to that of the supertransf erred 

hyperfine field. We analyse our result in terms of 

In all the three systems it is found that remains 

almost constant whereas H oj.(A) decreases with the increase 

ef f 

of Ti'^^ concentration. We attribute these to the fact 
that all the Ti'^^ ions occupy the B site and the consequent 
reduction of the magnetization Mg. We give below our 
arguments in favour of these conclusions. 

In the present series of ferrites, 

Ni Zn Ti Fe„ ^ 0,, let xTi'^'^ ions are distributed over 

1-y+x y X 2-2x 4 

4 “f" 3 

A and B sites in such a way that zTi ions replace sFe 
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4 + ? + 

ions at the A site; (x-z)Ti ions and xNi ions replace 
3 + 

( 2 x- 2 )Fe. ions at the B site. According to this, the 

ionic distribution follows the structural formula 

?+ 3+ 4+ ?+ 3+ 4+ 0- 

{ZrT Fe, ,Ti^ ) [Ni, ^ Fe,^ „ ^ Ti^ JO^ . According to 
V y l-y-s 2 l~ytx l+y-2x+s x-s 4 

the assumptions of N<^!el's Molecular field theory, the A-B 

superexchange interaction are stronger than the A-A or the 

B-B superexchange interaction. Zn^"*” and Ti^"^ ions, being 

diamagnetic, do not participate in the magnetic 

_. ~ 3+ p,2“_T-. 3+ 

superexchange interaction. oince u rcg 

3"^ 

superexchange interaction is stronger than Fe^ -U -Nig • 


( 2 x- 2 )Fe.^''' ions at the B 


;ion. Zn^"*” and Ti^"^ ions, beinj 


average Fe^ -0 -Fcg magnetic 
According 'to ‘the above ionic 
,edral Fe^^ ions have, on the 


superexchange interaction [39], the effective magnetic 
field is primarily due to average Fe^ -0 "Feg magnetic 
bonds per Fe'^"^ ion. According to the above ionic 
distribution, the tetrahedral Fe^"^ ions have, on the 

average, (l+y- 2 x+ 2)/2 of their intersublattice magnetic 
bonds with ions at the octahedral site and (l- 7 +x )/2 

of their intersublattice magnetic bonds with Ni^ ions. On 
the other hand, the octahedral Fe='* iona have. on the 

average, ( 1 -y-t) of their intereublattioe magnetic bonds 
»ith Fe"" lone at the A site. Since for a particular 

concentration of Zn (l.e. y id constant, there is no 

4 ^ 

, V- p bliic H site wi-bii Ti 

appreciable change m 

1 th«t Z is zero and all the Ti ions 
addition, we conclude that l i 

occupy the B site. This in turn, reduces the number of 
intersublattloe magnetic bonds which the Fe^ ions 


4 + 

[i^ 

Lons 
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experience. Hence the value ot H (A) 
decrease with the increase of Ti^"^ ions at B 


is found to 
site. From 


the cation distribution it is seen that there is no change 
in the concentration of Fe^'^ ions , at A site since 2 is 

zero. Hence the tetrahedral environment of Fe^^ion does 

B 

not change and, therefore, the number of magnetic bonds 
3 + 

which experience, remains unchanged. This 

explains the constant value of H 

ef f ^ 


The 

observed 

variation of 

H 

ef f 

with 


concentration can also 

be 

understood 

to arise from 

the 

change in 

supertransf er 

hyperfine 

field. 

The 

super 


3 + 

transferred hyperfine field at the Fe ion at A site is 

due to the spin transfer from the d-orbitals of the nearest 

neighbour cations (i.e. belonging to B sublattice) through 

3 + 

the ligand anions to the 4s-orbitais of the Fe ions under 
consideration. Thus the supertransf erred field at A sibe 
will depend on the magnetic moment of the B site. Hence 
we attibute the decrease in fact that all 

the non-magnetic Ti"^^ ions occupy the B site and thereby 
reducing the magnetization Mgj this in turn, reduces the 
supertransf erred hyperfine field at A site. Similarly it 
can be argued that the supertransf erred hyperfine field at 
B site should remain constant as the magnetization does 
not change, since the Ti ions 


enter only at B site. 
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4.3.4 Full Wid.th at Half Maximxim <CFWHM> 


Apart from the quadrupole broadening discussed in 
Sec. 4.3.2 there is another contribution to the line 
broadening of the Mbssbauer absorption peaks. If two or 
more cations are present in one or both the sublattices 
then there will be a distribution of the values of 
which results in a distribution of the values of the 
hyperfine magnetic field at the nucleus. This causes the 
broadening of the individual lines of the t^ssbauer Zeeman 
pattern. For the sake of convenience we can call thi.s 
effect as magnetic broadening. 


It is found that in all the three systems the FWHM at 
A site, r. increases with Ti^"" concentration whereas Tg, 

JTL 

the FWHM at B site remain almost constant. As we have seen 
that the change in is mainly because of the change 

in the contribution of supertransf erred hyperfine field at 
A site which, in turn, is owing to the change in <S^> at B 
site. The increase in the value of with 

Ti^^concentration shows that the width of the distribution 
of <S^> values at B site increases as all the Ti ^ ions 

.L. 1 .. p =11 te On the other hand, Tg 

enter at the octahedral B 

4 - .K-+ with the Ti^^ concentration. This 
remains almost constant with tne 

, j! + +ViE.+ the distribution of > at A 

is because of the fact that the ai. z 

^ a Hxr the substitution of Ti^ ions at B 
site is unaffected by the sudsux 
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site. With the decrease in temperature, the distribution 
of <S > is nai'rowed and hence a decrease in the line 
broadening is expected. This is evidenced by the decrease 
in and at 7 7°K. 


4.4 Study of ; 

A -f. 

A A 1 Ti Sxibstitutod NtF^^O. Terri! 
^ d 4 


The variation of magnetization 
concentration is shown in fig. (4.16). In 
have also shown the variation of - 

Ti^"^ concentration on comparable scales, 
visual aid in comparison, an inverted scale has been chosen 
for the net effective magnetic field, • 

It is clear from the graph that the net effective magnetic 
field follows the same trend as that of the magnetization. 


m . 4 + 

with Ti 
this fig- we 
H^f^(A){ with 
For a better 


Mdssbauer spectroscopy reveals that in 

= O.O-O.l) ferrite the Ti"^'*’ ions occupy the B site. This 
iriforma^lon when put in the Neel type of magnetic ordering 
model leade to a linear decrease of magnetisation with 
concentration. But the magnetisation shows a sudden fall 
followed by a slow decrease as the concentration of Ti 
ions increases [fig. (4.16)1. Hence we conclude that the 

nnlv due to the simple 
change of magnetization is not -niy 

c +dr, at B site by non-magnetic Ti 

replacement of magneti-- i 
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ions but ctlso due to a more complex process which leads to 
the development of canted spin structure. The positional 

readjustment of ions due to electrostatic forces after the 

4+- 

entry of Fi ions in the lattice causes readjustment of 

the values of the exchange constants, 3 + ,,, 

Fe (A)-Ni (B) 

'^Fe^^(A)-Fe‘^^(B) ’ ^Ni^^ (B) -Ni^^(B) ' B)~Ni^'^(B) ’ 

'^Fe^'^(B)-Fe‘^'''(B) A)-Fe^'^( A) ‘ important 

featui'e of the new situation is that now becomes 

comparable to J^g and the canting starts at A sublattice. 
The magnetisation results were analysed using the three 
sublattice Yafet-Kittel type model. If canting takes place 
at A site then the magnetisation is given by 


H = Mg - Ma Cos<P 


(4.2) 


where fp is the canting angle. The variation of canting 
angle with Ti^^ concentration, as calculated from 
magnetisation data is shown in fig. (4.17). 


The analysis of exchange 
substituted Nil- -.y^n^FegO^ system i 
version of Srivastava's three 


molecular field acting on various 
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tig (Fe) 
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based on the modified 
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wh€i3r<s ( Ff: ) is Fhc ntolccular fiaid acting on “bho ion 

at. A1 site due to all other ions, etc. A^. Bv, . are the 
concentration of Fe ion, Ni ion.s and Fe^^ ions at A1 or 
A2 , B and, B sublattices respectively. The interactions 
AKFe'^'*’) - AKFe'^"^), Al(Fe‘’^'^) -A2(Fe^'^), AKFe^"^) 

BCNi^'"), AKFe^^) -BCFe^"^), A2(Fe^'") -Al(Fe^^), A2(Fe^'") - 
ABCFe'^”^), ABCFe^"^) - B(Ni^'^) , A2(Fe^'*‘) - BCFe^"^), - 

AKFe^^), BCNi^"^) - A2(Fe^'^), B(Ni^^) - BCNi^"^)- 

B(Fe^'^), B(Fe^'^) - Al(Fe^'^), B(Fe^^) - A2(Fe^^), BCFe^"^) - 
BCNi^"^), B(Fe''^^) - B(Fe^^) are representd by the molecular 
field coefficiets ft, ^ AA’ ^AA’ 

£, (J , ft, e and, S respectively. 


And, 



• "^B 

= 

I”bI 

Cos <p 

™A2 

' ‘"b 

- 

I”bI 

Cos 4> 

™A1 

■ "'ai 

= I“aiI 

l”A2! 

1 Cos 

1 

|mj 

(Fe'’’*)| 

= 6Mj 

i 

= Al, 

1 

i”B 

(Ni2-")| 

= 2.3Pg 




Minimising the magnetic interaction energy 

for canting model the Yafet-Kittel angle comes out to be 


23<3< ApBjj^ 

200 X 


+ 50^3ApBj, 
AA^F 


Co 3-^ 


( 4 . 4 ) 
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From the observed variation of the canting angle with 
concentration it is possible to evaluate the molecular 
field constants. But as pointed out by Satyamurthy et 
al.[14] a small error in the value of the Yafet-Kittel 
angles can lead to large variations in the field constants. 
This fact is also vindicated by Misra [40], So we choose 
to reverse the direction of action. We started with J 
values reported by Khan et al . [18] for 

converted them to molecular field constants using the 
relation 


X 


A-B 


'^A-B 

®A ^B 


(4,5) 


where Z.„ is number of nearest neighbours of kind 

AB 

surrounding the 'A' kind, Ng is the number of 'B’ type tons 
per formula unit, and gg are the gyromagnetic ratxos for 

A and B ions respectively. Using the information that (i) 
octahedral ion has six nearest neighbour tetrahedral ions, 
(ii) tetrahedral ion has twelve nearest neighbour 
octahedral ions, (iii) octahedral ion has six nearest 
neighbour octahedral ions and, (iv) tetrahedral ion has 
four nearest neighbour tetrahedral ions, we get a set of 
a. and X^. These parameters were adjusted with the help 

of a computer programme using the Eg. (4.4) unless we geb 

1 ^-p ro<i< 2 !> The molecular field 

the best fitted value of Cos<?>. 

. j • +v,s ^ manner yield the J values which 
constants obtained in this manner yi.. 





are plotted against Ti 


4 + 

concentration in fig (4.18). It 

is evident from the graph that J„ 3+,., ^ 3+-,,.- and 

le (a}-Fe iBi 

( A ) ( A ') ^'cmain almost constant whereas 

^ a 

'^Fe'^'*" f A ) -Ni^"*" ( B ) decreases with the increa.se of Ti^ 

concentration. In fig. (4.18) we have also shown the 

change of lattice parameter, obtained from X-ray 

diffraction data. The change in lattice parameter is 

reflected by the change in J„ 3 +.a-. As the 

re 1, l-Dj 

titanium concentration increa.ses, the lattice parameter 
also increases. This causes a decrease in the overlap of 
the atomic orbitals and hence a decrease in the exchange 
constant . 


Based on the hard sphere model, the lattice parameter 
and oxygen parameter were calculated but there were no 
significant change in either of the parameters with the 
increa.se of titanium concentration. Thus, the experimental 
curve for lattice parameter could not be reproduced by 
theoretical calculations . This shows that the hard sphere 
model is not valid in this case. The Madelung constant was 

also calculated using the eq. 5 of Krupicka et al . [41] 

which is based on the generalised Ewald’s method used by 
Thompson and Grimes [42]. Here we find that the Madlung 

• iiTichanged by the increase of 

constant remains almost uncnangeu y 

tltanlu.. concentration into the lattice . However. u,,ing 
the Born formala relating the lattice parameter with the 



a (in units of k ) 
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Madelung cons'tant. [Eg. 4.8], and 'the root, mean square 
charge deviation at each site gives a variation of M and 
correspondignly of a [fig. 4.18a]. 

4.4.2 Subst i t\a&d Ni Ferrtte ; 

U, / LK J ^4 


In fig. (4.19) we have shown the variation of 
magnetisation and the net effective magnetic field with 
Ti^^concentration on comparable scales. For a better 
visual aid in comparison between the magnetisation and the 
net effective magnetic field an inverted scale has been 
chosen for the net effective mangetic field. It is evident 
from the graph that the variation of net effective magnetic 
field with Ti"^^ concentration follows the same trend as 
that of the saturation magnetisation. 


Mci.53bauer spectroscopy , beyond 
that in Ni^j 3TiyFe2_2x*^4 "" 


any doubt, confirms 
0.0-0. 1) ferrite Ti 


ions occupy solely B site. If we consider the type of 

magnetic ordering then a linear fall in the magnetxsatxon 
is expected with the increase of Ti concentration. 

magnetisation shows a steep fall [fig- (4.19)3 from 2.62 Pg 

j, m,4+ ^ o IQ fj at the Ti 

at zero concentration of Ti - .< • B 

concentration of x = 0.016. It i= then followed by an 
increase in the magnetisation upto the concentration 

of X = 0.032 and then the magnetisation becomea almoat 

conatant apto the concentration of x 


0.08. 


This 




Ti^ concentration (x) 


IG 4.19 Variotion of magnetization and net ef/«t.ve 

magnetic field with Ti'^concentration in NiQ.y,* 
Znna Tix Fe,.2„ O4 • The outer scale on the 
Lhns for* and^he inner scale is for 


Net effective magn 



Canting angle (in deg) 
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anomalous behaviour of magnetisation suggests the 

development of canted spin structure. In a spinel 

structure each ion at A site is surrounded by twelve B site 

nearest neighbour cations while a cation at B site nas six 

B and six A ions as the nearest neighbours. Since all the 
4-f 

nonmagnetic Ti ions occupy the B site it is possible that 
the A-B superexchange interaction and the B-B 

superexchange interaction become comparable to each other. 
This will then lead to the development of canting of spins 
at B site. The magnetization, in this case, is given by 

M = MgCos<??> - (4.6) 

where <P is the canting angle. 

The variation of canting angle with 

Ti concentration, as calculated from magnetisation data, 
is shown in fig. (4.20). The canting angle increases from 
36. 1*^ at sere concentration of Ti^ to 40.9 at the Ti"^ 
concentration of x = 0.016 followed by the decrease in the 
canting angle upto 29.5° for the Ti concentration of x = 
0.08. The interpretation of this result is given along 
with that of Ti^"^ substituted NIq g Zn^ ^ ^^2*^4 
4.4.3 rC"' Substituted = 

We have shown the variation of magnetisation and the 
net effective magnetic field with Ti^^'conoentration on 
comparable scales in fig. (4.2i). It 1= observed that the 
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FIG. 4-22 
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trend in the variation of magnetisation and the net 
effective magnetic field with Ti concentration is same. 
The magnetisation falls sharply from 3.18 Pg at zero 
concentration of Ti"^^ to 2.88 gg at the Ti^'^concentration 
of X ~ 0.015 followed by an increase upto 3.11 Pg for x = 
0.02. The magnetization again decreases upto 2.87 pg for 
the Ti^^ concentration of x = 0.08. As seen in the 
previous sections (4.4.1) and (4.4.2), the deviation from 
the linear fall of magnetization cannot be explained on the 
basis of N«^el type of magnetic ordering and hence the Yafet 


and Kittel type of magnetic ordering is resorted to. Here 
we find a very peculiar behaviour of canting angle with 


Ti^^concentration. The canting angle increases from 31.3 
at zero concentration of Ti'^^ to 34.8 for x - 0.004 

followed by a decrease upto 29.8° for x = 0.02. This is 

again followed by a slow increase upto 31. 3° f or X - 0.03 

9 q for X = 0.08. The 

and then a slow decrease upto 29.3 toi 

^ tt\+Vi concentration is shown 

variation of canting angle with Ti 

in f ig . ( 4 . 22) - 


r>aritiriff of spins take place • 
Since in these cases the canting oi 

T+ -R-site into two sublattices B1 and B2. 
at B-site. we split B site 

1 , (4 4 1) the molecular field acting on 

As discussed in Sec. 

various ions are ^iven by 
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■ (Fe) ■ 


> 

^AA 

a 

ft 

a 

ft ■ 

(Ni) 


a 

r 

£ 

r 

£ 


r 

ft 

e 

6 


6 



a 

r 

c 

r 

£ 



. ft 

€ 

6 

£ 

6 


■ (Fe) - 

Bn 

Bf 

Bn 

fflg^CFe). 


3 

here Ay, B^ and, By are the concentrations of Fe ions, 
2+ 34- 

Ni ions, Fe ions at A, B1 or B2 and B1 or B2 sublattices 
respectively. The interactions ACFe^"^) - ACFe'^"*"), ACFe^^) 
- BKNi^'*') ,A(FeB^) -Bl(Fe'^^), A(Fe^^) - B2(NiB'^), ACFe^^) - 
BBCFeB"*"), BKHiB"^) - B2(Ni^'^), Bl(Fe‘^^) - BBCFe'^"^), 

BKNiB'^) - B2(Fe^^) and BKFe"^) - BBCNi^’^) are represented 
by the molecular field coefficients a, ft , a., ft , r , <5, 

£ and £ respectively. 

And , 


-B1 

• “a 

r 

'I“biI 

I”aI 

<^os<P 

“B2 

• ™A 

z: 

“1"‘B2^ 

1^1 

Qos4> 

^B1 ' 

'"B2 


l^Bl* 

I”'B2I 

Cos<P 


Minimizing the total magnetic interaction energy for 
canting model the expression for Yafet-Kittel angle comes 

out to be 

23 « Ay.B^ + 50ft Ay By 
” 21.16 r bB -H 96^ B^. By + 1006 


Cos<j!> 


(4.7) 
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As discussed in Sec. (4.4.1) the exchange constants were 
obtained usisng the above expression and are plotted in 
figs. (4.23) and (4.24). We see that all the exchange 
constants remain almost unchanged except -Ni^^(B) ‘ 

In the same figures, we have shown the variation of lattice 

parameter, obtained from X-ray data, with Ti 

concentration. We see that the change in the exchange 
constant + reflects exactly the change in 

the lattice parameter. It is then evident that the overlap 

2-f- 2 — • ' 

of the wavef unctions of the Ni ions (through 0 lonsj 

and its change with theion separation are basically 

responsible for the change in the canting of the spins and 
consequently the anomalous magnetization of these ferrits. 


A correlation between the lattice parameter aned 
exchange constant can also be evidenced from the work 
Shiga [44]. Dionee [45] has also found a change in the 
exchange constant by the diamagnetic substitutions. 


A simple hard sphere model calculation shows that the 
lattice parameter remains constant with Ti addition, 
then used the Born formula relating the lattice parameter 

with the Madelung constant, i.e., 


,l/(l-n) 


! A fl > 


where n is a constant 


(usually 10). A caclulation 
at each lattice s 


of 




with the average charge 


ite gave no change 



• 395 





JFe (A) -Fe(8) 
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(V) D 
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of M, and hence a, with Ti^ concentration. However, using 

the root mean square charge deviation at each site gives a 

variation of M, and corre.3pondingl7 of a. The two effects 

added together give a crude representation of the 

experimental values of lattice parameter as a function of 
4 + 

Ti concentration [figs. (4.25) and (4.26)] . However, 

details such as the dip and the slope, are not in 
agreement. Hence a more sophisticated calculation of the 
Madelung constant is in order. 
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CHAPTER 5 

MOSSBAUER AND MAGNETIC STUDIES OF 
SUBSTITUTED Ni-Zn FERRITE 

5.1 Introduction: 

4+- 

Sn substituted Ni-Zn ferrites have been studied by 
many workers [1-8]. Varsimey et al [5] found that for the 

series of 1 +x~y^'^y^'^x^®2-2x^4 f^^^rite all the A-site 

sextets showed pure Zeeman splitting for x = 0.1-0. 5 and y 

= 0.1-0. 5. B site sextets for samples having y = 0.1, 0.3 

and X = 0.1 to 0.5; and y = 0.5, x = 0.1 have been 

identified as pure Zeeman sextets whereas all other B-site 

sextets exhibited relaxation effect. It was observed that 

the ions enter B-site first (upto x = 0.3) and then on 

both A and B sites. Moreover, was found to 

decrease faster with Sn^ concentration than that of 

H It is expected that I.S.(A) < I.S.(B) in spinel 

eif o 

3 -f 2"“ 

ferrites because of smaller bond separation Fe^ - 0 as 

compared to Feg'^-0^'. There was, however, a discrepancy in 
the isomer shift values of A and B sites [5] for x - 0.1, y 
= 0.3; X = 0.2, y = 0.3; x = 0.1. y = 0.5 and x - 0.5, y = 
0.5 in Ni^^^„^Zn^Sn^Fe2_2^0, ferrite. 

Das et al [6] found that the saturation magnetization 

of Srx^tubstltuted Nio 32 n„ .FejO, ferrite^ falls rapidly 

from 60 emu/gm at zero concentration of Sn to a value of 

A- followed by a very slow 

45 emu/gm at 1 wt. percent of Sn , 

4 

.. n /rrm the concentration of Sn 

decrease upto 43 emu/gm as 
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increases upto 5 wt. percent. 

As discussed in Chapter 4, if the N^el type of 
■magnetic ordering is considered then the satux'ation 
magnetisation should fall linearly >?ith Sn^ concentration. 
Thus the introduction of Sn^^ cations Into the lattice 
introduces anomalous magnetic behaviour. 

As discussed in Chapter 4, the Mdssbauer spectra of 

Ni-Zn ferrite system for high Zn concentration are relaxed 

and it is difficult to resolve the spectrum for A and B 

sites. In the present series of samples we have chosen the 
4 

Sn substituted Ni- Zn Fe^O. ferrite in the non-canting 

1 y y dL ^ 

zone (y = 0.0 - 0.4). These studies will help us 

understand the anomalous magnetic properties developed with 
the introduction of non-magnetic tetravalent cations in the 
Ni~Zn ferrite. 

5.2 Sxibs t i t'JitGd. ^ ~ 0.3, 0.40 FerrCtG . 

5.2.1 fibssbauer Study 0 / Sri^ Substituted q 3^"^ £p4 

F err i te: 

Mdssbauer spectra of NIq _ . 3^’^'x^®2-2x^4 

0.00 - 0.04) were recorded at room temperature and liquid 
nitrogen temperature. These spectra are well defined 
Zeeman patterns consisting of two separate sextets, one 
being due to ions at A site and the other due to Fe^^ 

sbauer spectra of the samples at 295 


ion at B site. The Mbs 



COUNTS (Arb. units) 


A /7c? 





■ 8 -6 -4 -2 0 2 ‘^ 7 ^ 

VELOCITY {mm /sec) 


FIG. 5-1 


Mossbauer spectra of Ni ^ --Om 

M\? 7 oor" x = 0.012 , (f ) X = 0.02. ,(g) X =0.04 - 



Counts (orb. units ) 
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and 77 K are shown in figs (6.1) and (6.2) respectively. 



it is observed 

that 

the isomer 

shift of 

T-. 3 + 
Fe 

ions 

( with 

respect to SNP ) 

at 

tetrahedral 

site, I 

•S. (A) 

, and 

octahedral .site, I.S. 

(B), 

show no significant 

change 

with 

^ 4 + 







Sn^ 

concentration . 

The ■ 

variation of 

isomer 

shift 

with 

bn 

concentration at 

. 295 

aiid 77'°K are 

shown in 

fig. 

(5,33 . 


The weigtited average value of isomer shift at A and B sites 
at 295'^K are 0.509 ± 0.002 and 0.633 ± 0.002 mm/sec 

respectively. At 77 K, the weighted average value of 
isomer shift at A and B sites are 0.690 ± 0.002 and 0.857 
± 0.002 mm/sec respectively. 


In all the samples exhibiting Zeeman hyperfine 
pattern, no quadrapole splitting was observed within the 
experimental error for both A and B sites. 


At room temperature and at liquid nitrogen 

temperature the variation of effective magnetic field at 

the two sub-lattices with Sn^ concentration are shown in 

fig. (5.4). It is evident from the graph that 

remains almost comstant at the value of 495 ± 1 Koe whereas 

0 

H ^^(A) decreases from 487 ± 1 Koe to 480 t 1 Koe. A 

X X ^ ^ 

similar behaviour of ^eff^^^ ^eff^®^ with Sn 

concentration is observed at 77 K also. lu this case. 


H ..(B) remains almost constant at the value of 518 1 

eff 

KOe. and H ..(A) decreases from 492 ± 1 KOe to 485 ± 1 KOe. 

ex I 

For the hero concentration of Sn ^ ions, the values of 



0-90 
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at the two subiattices at 295 and 77 "k are in excellent 
agreement with the values reported in the literature [8], 


In fig- (5.5) we have shown the variation of full 
width at half maximum with Sn^ concentration in 

^^0.7+x^^0.3 ^^2-2x*^4 We see that there is no 

significant change in the values of r„ at 295 and 77 “k with 

^ "f" Q 

Sn concentration. At 295 K, is almost constant at the 

value of 0.775 ± 0.003 mm/sec and at 77°K it drops to 0.610 

± 0.004 mm/sec and remains almost constant at that value as 

4 + 

the concentration of Sn increases from x = 0,00 to 

X = 0.04. The tetrahedral line width, at 295°K, 

increses from 0.561 t 0.004 mm/sec to (3.641 ± 0.003 mm/sec 
as the concentratio of Sn^^ increases from x = 0.00 to x = 
0.04. At 77"'K, F^ increases from 0.501 ± 0.003 mm/sec to 
0.561 ± 0.003 mm/sec for the same range of increase in the 
concentration of Sn^^. The values of F^ and F^ at 295 and 
77°K for the sero concentration of Sn'^ are in good 
agreement with the values reported in [9] . 


5.2.2 


M^ssbauer Study 


of 

Ferri 


Sn 


4 ,-¥ 


te : 


Subs 1 1 lut^dt 


The Mbssbauer spectra of . 6 +x^^'‘ 0 . 4^”x^®2-2x^4 
0.0-0.04) ferrite system at room temperature show a well 
defined Zeeman pattern consisting of two separate sextets^ 
one due to ions at A site and the other due to Fe 

The Mdssbauer spectra of the samples at 


ions at B site. 



08-0 


45 
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VELOCITY (mm / sec) 

FIG. 5-6 Mossbauer sp^lra ol x ^0-4 

o. 295»K(a,x = 0.0 (b x=0. , 

(d) X =0-008 , (e)x= O-Ol/! , 





29u and It K are shown 
respective Ly . 


figs. (5.6) and (5.7) 


It i., observed that the shift of ions 

(With respect to 3NP) at tetrahedral site. I,S.(A,, and at 

octahedral site, S. ( B) . remain almost constant with 
concentration (fig. ( 5 . 8 )]. The weighted average value of 
the isomer shift at A and B sites at 295 '’k are 0.641±0,002 
and 0.66010.002 mm/seo. respectively and the respective 
values at 77 “k are 0.726±0.002 and 0,888±0.002 mm/seo. 


In . 4^“x^®2-2x^4 t^rrite system we did not 
find any observable quadrupole splitting for both A and B 
sites within the experimental error limit. 


At room temperature the variation of effective 

magnetic field at the two sublattices with. 
4 

Sn concentration is shown in fig. (6. 9). It is observed 
that at 295'^K, remains almost constant at the value 

of 446 ± 1 KOe. and decreases from 480 ± 1 KOe. to 

476 ± 1 KOe. as the concentration of Sn^^increases from x = 


concentration of Sn 


of at A 

and B 

4-f 

variation with Sn 

At 77°K. 

H^ff(B) 

KOe . whereas 

H^,f(A) 

± 1 KOe . 

as the 

X = 0.00 to X = 

o 

o 


In fig. (5.11) we have shown the variation of FWHM 




Varlat 
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4 + 

with Sn concentration in Ni. Zn„ ,Sn Fe„ „ 0, ferrite. 

0 , b-^x 0.4 X 2“-2x 4 

It is obs^.-rved that at 295^K, remains almost constant at 


1,151 t 0.004 mm/sec as the concentration of increases 

from X 0.00 to x 

less than the value (Pg =1.2 mm/sec) reported by Daniels et 

al . [91 of NIq remains 

almost constant at 0.650 ± 0.003 mm/sec. as the 

concentration of increases from x = 0 . 00 to x = 0.04. 

At 295^K. r. incr€;ase5 from 0.801 ± 0.004 to 0.902 ± 0.004 

A 

mm/sec. Whereas at 77°K, it increases from 0.500 ± 0.003 

C 

to 0.621 ± 0.003 mm/sec as the conentration of Sn 

increases from x = 0.00 to x = 0.04. A .similar behaviour 

, 4 

of r and r„ at 295 and 77°K was found in case of Ta 
A B 

substi stated 

5.3 Discussr-on of Results : 

5.3.1 Isonte-i' Shi/t : 

. 1 . ^ substituted 

In both the systems i.e., 

TTii o ferrite, the isomer 
NIq ^Ztiq 3 Fe 20 ^ and gZn^ ^FegO^ 

V, it A and B sites with the increase 

shift remain unchanged at A ana 

4t • evince for a particular type of 

of Sn^^ concentration. Since t 

Mdssbauer probe the isomer shift depends only on the 
s-electron density at the nucleus hence we infer that 
substitution in Ni, .Zng.gFe.O, and Bi, . gZn, . ,Fe,0, ferrite 

does not affeatthe's-electron density at the nucleus of 

3t A a R Sites The larger value of isomer 

Fe*^ ions at A and B sites. 

1 • + is interpreted as due to larger 

shift for octahedral site 


0.04. This value of is a little 
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bond separation for the octahedral ions as 

comp^ired to that of tetrahedral ions. Due to the smaller 
overlapping of orbitals of ions and 0^~ ions, the 

covalency effect is small, and hence the isomer shift is 
l^.z^gc ctis t/l'ic oct^-HcdiTcil si"b6. The lairg'c value of isomor' 
shift at /? K is due to the thermal red shift between the 
source at 295'^K and the absorber at 77^K [10, 11]. 

5.3.2 Chxactrupc' I e Spl i t ti : 


^^0 . 7+x^'^O . 3^’^x^'^2-2x^4 ^^0 . 6+x^'^O . 3^”x^®2-2x‘^4 

ferrite systems do not exhibit observable quadrupole 

splitting. The explaination is the same as given in Sec. 

(4.3.2). 

5.3.3 Ha.^rxe!tic Hyp&r/in& Splitting : 


The variation of effective magnetic field at the two 
subiattices could be understood, as discussed in Chapter 4, 
on the basis of Noel’s molecular field theory [12] and the 
super-transferred hyperfine field [13-15]. The 
decrease of has been attributed to the fact that 
all the Sn"^"^ ions occupy the B site and thereby reducing 
the magnetization Mg. In the present system i.e., 

^ A I 


4 + 


ions are 
4 + 


Ni, ^ Zn Sn Fe. ^^0 ferrite, let x Sn 
1-y+x y X 2-2x 4 

distributed over A and B sites such that z Sn ions 

4+ J K7' 2*^ 

. A 44-v - ions and x Ni 

replace zFe* ions ais A sibo, (x 

ions replace (Zx-a) Fe^* ions at B site. According to 
this, the structural formula of the present series of 
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2+ „ 3 + 


ferrites »111 be (Zn^* Sn^ > CNit:r+x'’'=l+rte- 2 x 

Sn'^^ } n ^'>‘2 • According to the assumptions of Noel’s 

molecular field theory, A-B superexchange interactions are 
stronger than A-A or B-B superexchange interaction. Sn 

9 + , 

and ions b 6 ;ing diamagnetic do not contribute to the 

Fe 


magnetic exchange interaction. Moreover, Fe^^- 0 


3+ r,2- r, 3 + 


'B 


, „ 3+ r^2~ XT 2+ 

superexchange interaction is stronger than Fe^ - O - Nig 
superexchange interaction [16], the effective magnetic 


field is mainly due to average Fe 


bonds per Fe 


3 + 


0 ^ - Fe^^ magnetic 
A 

ion. According to the above ionic 

distribution, the tetrahedral Fe^^"^ ions have, on the 
average, (li-y+z~2x)/2 of their intersublattice magnetic 

bond.s with Fe^^ons and (l-y+x )/2 of their intarsublattice 
magnetic bonds with Ni^-" ions. On the other hand, the 

octahedral ions have, on the average, (l-y-z) of their 

intersublattie magnetic bonds with Fe^ ions. Since there 

is no appreciable change in 

+V.S+ does not enter A site, 

concentration, we conclude th 

1 -11 the ions occupy B sibe, 

that is 3 is zero, i.e- 

, V -v- T ri t ersub 1 atti ce magnetic bond 

thus reducing the number of 

(A) 


X.. .V tr 3+ irinc pyperience. The decrease of 
which the Fe^ ions experxcn 

cf -i t 1 done s 0 C"t/i-on 

car. be explained in the same «ay as it 

(4.3.3) . 

5.3.4 Full ^idih at Half Waxilm-tmt < FK'A 

, 1 . tv-t in all the two systems the FWHM 
It is observed that in aii 

with concentration whereas Tg. the 

at A site increases with bn 



FWHM at B 
these is 

5.4 St tidy 


-^ite almost constant. The explaination 
:amo as given in section (4.3.4). 

o / Ha.g:r> etization : 

t i t uted ^2n^_ i te 
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for 


^ v?e have shown the variation of 

magentisation and the net effective magnetic field with 
4 

on ■ concentration on comparable scales. In this case 
^ great€;r than and decreases with 

the lncrca.sft of Sn^^ ions. Therefore |H ..(B) - H ^^(A)l 

' ef f ef f ' 

increases whereas |M(B) - M(A)j decreases with 

concentration. For a better visual aid for comparison of 

the magnetization and the net effective magnetic field, an 

inverted scale has been chosen for the net effective 

magnetic field. From the graph it is evident that 

4 + 

variation of net effective magnetic field with Sn 

concentration follows the same trend as that of the 

magnetization. In fig (5.12) we see that the magnetization 

4 

falls sharply from 2.62Pg at zero concentration of Sn 
ions to 2.. 38 Pn at the Sn^'*’ concentration of x = 0.004 

D 

followi^d by very slow decrease in bhe magne'tiza'tion upt»o 
X =: 0.04. The type of magnetic ordering which gives 

an account, of linear decrease of magnetization, if all the 
Sn'^^ ions enter at B site. is unable to explain the 
variation of magnetization with Sn^ concentrations. We, 

therefore, concluded that there is development of canted 



o Magnetization a Ineff (B) " >^6?? Ia; 
2.624 •Hgff (B) - Hgff (A) ( inverted fig. ) 



The outer scale on the right is for a (inverted fi 
the inner scale is for ® . 




\ :x> 
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spin structure. Noi'mally, it. is found that if the 
non-magnetic ion is entering at B site then the canting of 
spins take place at A site. But in our case Sn^"^ ions 
occupy B site and canting of spins also take place at B 
site. In fig (5.13) we have shown the variation of 
canting angle, as calculated from the magnetization data, 
with Sn concentration. The canting angle increases from 
36.8*^ at sex'o concentration of Sn^^ to 39.4° for the Sn^"*" 
concentration of x = 0.004 followed by a decrease in the 
canting angle upto 32.4° for the Sn^ '^concentration of x = 
0.04. The interpretation of this result is given along with 
that of sub.stituted . G^’^O . 4^°2*^4 

5.4.2 Substituted • 


In fig. (5.14) we have plotted the variation of 
ma gent is at ion and the net effective magnetic field with 
concentration on comparable scales. From the graph we 
see that the trend of variation of magnetisation and the 
net effective magnetic field is same. The magnetisation 
falls sharply from 3.18 Pg at zero concentration of Sn^ to 
2.94 fJg at the concentration of x - 0.004 followed by 

a alow decrease upto 2.88 Pg at the Sn^toncentration of x 
= 0.04. The net effective magnetic field, on the 

hand, falls from 34 KOe. at zero concentration of Sn^" to 

A+ a.- xnf V = 0 04 Again the 

30 KOe. at Sn^ concentration of 

of magnetisation suggests 

deviation from linear deer 

f canted spin structure. In fig (5.15) we 


the development o 
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have nhown the variation of canting angle at B site with 


t ration 


We found that the canting angle 


increases from 31.3° at zero concentration of Sn'^'^to 35.6° 

4 )■ 

at the Sn 'concentration of x = 0.004 followed by a 

o 4 

decrease upto 32.4 at the Sn concentration of x = 0.04. 

In fig.s (5.16) and (5.17) we have shown the variation 

of exchange constants with Sn'^'^ concentration. These 

constants were calculated using eq. (4.7) and as discussed 

in Sec. (4.4.1). In the same figures we have also shown 

the variation of Lattice parameter witV-i Sn concentration. 

The lattice parameter increases monotonically with the 

increase of Sn^^ concentration. For the Sn'^^ concentration 

of more than x = 0.004, the change of exchange constant, 

] 9 + 2-i reflects the change in lattice parameter. 

(B)-Nl, (B)’ 

However, for the concentration of Sn less than x - 0.004, 

the change of ionic separation and exchange constant 

fj 9+ Ishow contradictory trend. One would 

suspect that the outermost 4 d-electrons of Sn con 

to this trend. However, a satisfactory elucidation 

problem can be achieved by “Sn Mdsebauer epeotroecopy of 

the eyetem. In these ayeteme too the calculation of 

lattice parameter by hard sphere model does not yield 

experimentally observed curve. The calculation of lattice 

(A B) and the root mean square charge 
parameter using eq. (4*8) 

Vs drives a variation of M and hence of 

deviation at each site gi 

WA Pfin It is evident that the nature 
a [figs. (4.25) and (4.26)]- 
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a (A®) 
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of w.ri.,t.ion of lattice parameter with concentration 

fslmilar inr x > D.008 in case of both calculated and 
experimental iy observed lattice parameters. However, for a 


more accurate variation of lattice 


parameter with Sn ' 


concentration a more sophisticated theory is called for. 
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CHAPTER 6 

MOSSBAUER STUDY OF SOME IRON COMPLEXES 
IN EXTERNAL ELECTRIC FIELD 


6.1 I n t roduc t i on : 

Previous studies of the influence of an external 
electric field on the hyperfine structure of MSssbauer 
spectra were primarily performed on f erroelectrics . Thus 
the changes in the parameters and shape of Mdssbauer 
spectra with a phase transition in f erroelectrics or 
reorientation of domains in an electric field were studied 
[1-4]. Even though the internal crystal field was expected 
to be several orders of magnitude more than the applied 
field, the detection of the effect of external field by a 
high resolution spectrometer was not ruled out. 

In this chapter we present some new findings in the 
well known systems such as ferrous sulphate heptahydrate , 
ferrous ammonium sulphate hexahydrate, sodium 
nitroprusside, potassium f erricyanide, red and black 
Roussin salts. As reported below, the induced start effect 
is clearly identifiable in all the complexes. 


6.2 Ey:p^ri martial : 

M6=sbauer spectra of the samples were recorded by 
beeping the powdered sample between two capacitor Plates 
made of thin aluminium foil and using a highly stable 

constant-acceleration spectrometer. The stability of the 
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spectrometer was confirmed b 7 taking the spectra of 

standard absorbers (natural iron foil and sodium 

nitroprusside) before and after each run of the sample. 

The data were stored in the ND-62 multichannel analyser 

obtained from Nuclear Data Corporation, USA. A 25 MCi 
57 

CO-in-Rh source obtained from M/s E . I . du Pont, U.S.A. was 
used. The spectra were recorded for various applied fields 
along the direction of r~ray propagation. 

Commercially available high purity FeS0^.7H20, 
Fe(NH^S0^)2.6H20, Na 2 [Fe( GN) ^NO] . 2 H 2 O, and KgCFeCCNlg] were 
used for samples. Red Roussin salt, Na[ (NO) gFeS] , was 
prepared by the action of Roussin’ s black ammonium salt 
with sodium hydroxide. Black Roussin salt, Na[ (NO) ^Fe^S^] > 
was prepared from the red salt by the action of iron 
ni-trosyl sulphate. The isomer shift of all the systems 
except sodium nitroprusside was reported with respect to 
sodium nitroprosside . For sodium nitroprusside it was 
referred to natural iron foil. 

6 . 3 R&sxtl ts ' 

The Mbssbauer absorption spectrum of FeSO^ . THgO at 
zero external field was a quadrupole doublet with AE^ = 
3.203 ± 0.002 mm/seo and isomer shift 1.559 ± 0.002 mm/sec. 
These values are in excellent agreement with the standard 
values quoted in the literature [5-9]. When the external 
electric field was applied in the direction of r-ray, it 
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was found thaf the quadrupole splitting, increases 

upto 3.248 ± 0,002 mm/sec for a maximum field of 50 KV/Sec. 
Two typical Mcissbauer spectra of FeSO. .7H^0, one at sero 
external field and the other at 50 KV/Cm is shown in fig. 
(6.1). The variation <5 (AEq) with the applied field is 
shown in fig. (6.2). This is in good agreement with the 
values reported by Nair et al. [10]. The isomer shift of 
the system changes from 1.559 ± 0.002 mm/sec to 1.586 ± 

0,002 mm/sec for the same range of applied electric field. 
The variation of isomer shift with the externally applied 
electric field is shown in fig. (6.3). 


The intensity ratio of the two peaks I.j^/12 (i.e.,for 


3 - 1 \ 

2 ’ - 2 / 


1 

2 ’ 


1 

2 


3 


- - ^ 
2 ’ ~ 2 / 


1 

2 ’ 


I > 


^ and 

transitions) at room temperature and without the field was 
found to be unity. this, however, decreased upto 0,86 at 
50 KV/CM. [fig. (6.4)]. 


In Fe(NH4SO^)2.6H20 


the experimental value of 
quadrupole splitting and isomer shift without the external 
field was found to be 1.760 ± 0.002 and 1.574 ± 0.002 
mm/sec respectively. These values are in excellent 
agreement with the values reported by other authors [10]. 


Two typical spectra of the system is shown in fig. (6.5). 

,. .. ^.irternal field the quadrupole 

With the application of external 

, ^ 7fiK + 0 002 mm/sec for a maximum 

splitting increases upto 1.78b - u.uu.^ 

Tr\j ! r Xi ' rr f a 911 For the same range of 

field of 30 KV/cm [fig. (b.2)j. 

, r*hf^n£e in the isomer shift 

field, there was no observable cnange 
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of the system [fig^. (6.3)]. In this system, an increase in 
the intensity ratio of the two peaks was found. The 
variation of the intensity ratio of the peaks with applied 
field is shown in fig. (6.4). 

In this system no change in quadrupole splitting was 
observed by Nair et al. [10] probably because of high value 
of full width at half maximum [FWHM] , 0.278 t 0.004 mm/sec 
of their peaks. But in our case we took special care to 
improve the resolution of the spectrometer by arresting all 
sorts of unwanted vibrations of the experimental 
arrangements, and, reduce the FWHM to 0.224 ± 0.002 mm/sec. 
As in the experiments of Nair et al . , we also observed two 
new peaks at 35 KV/cm. [fig. (6.6)]. These new peaks may 
possibly be attributed to the change of hydration state 
[11] or the implantation of electrode (Al) atoms in the 
system . 

In sodium nitroprusside , at zero external field, the 
quadrupole splitting and isomer shift was found to be 1.705 
± 0,002 mm/sec and ~0 . 260 — 0.002 mm/sec respectively. 

These values are in very good agreement with the values 
reported by other workers [12-15]. Two tSTPical spectra of 
sodium nitroprusside is shown in fig. (6.7). The effect of 
external electric field on quadrupole splitting of sodivun 
nitroprusside in shown in fig. (6.8). It was observed that 
as the external electric field increases the quadrupole 
splitting decreases upto 1.655 ± 0.002 mm/sec for a maximum 
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field of 40 KV/cm. There was, however, no signif leant 
change in the isomer shift of the system [fig. (6. 9)3. An 
asymmetry of line shpaes was observed under applied 
electric field and this asymmetry increases with the 
increase of field. The variation of intensity ratio of 
the two lines, with external electric field is shown 

in fig. (6.10). 

In K 2 [Fe(CN)g] the quadrupole splitting and isomer 
shift without the external field was found to be 0.282 ± 

0.003 and -0.217 ± 0.003 mm/sec respectively, which are in 
quite good agreement with the values in the literature 
[16]. Two typical Mdssbauer absorption spectra of the 
system at zero and 40 KV/Cm. external field are shown in 
figs. (6.11) and (6.12) respectively. When an external 
electric field is applied across the sample the quadrupole 
splitting decreases upto 0.195 ± 0.003 mm/sec for a maximum 
field of 40 KV/cm. The change in quadrupole splitting with 
the applied electric field is shown in fig. (6. 8). The 
isomer shift of the system also decreases upto -0.249 ± 

0.004 ram/sec for the same maximum field of 40 KV/cm. The 
decrease of isomer shift with the applied electric field is 
shown in fig. (6. 9). The asymmetry of line shpaes in 
K.,[Fe(CN)p3 increases with the increase of applied electric 
field. The variation of intensity ratio of the peaks with 
applied field is shown in fig. (6.13). 
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FIG. 6.11 


- 0-25 

Velocity (mm /sec) 


Mossbauer spectrum of Potassium Ferricyanlde 
at zero field. 
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FIG. 6.12 Mossbauer spectrum of Potassium Ferricyanide 
at 40 KV/Cm . 
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Mcisssbauer absorption spectrum of red Roussin salt, 
Na[ (NO) gFeS] , shows a quadrupole doublet [fig. 6.14]. The 
value of quadrupole splitting without the application of 
external electric field was found to be 0.625 ± 0.004 

mm/sec. With the application of external electric field 
the quadrupole splitting decreases upto 0.599 ± 0.004 

mm/sec for a maximum field of 40 KV/cm. The variation in 
quadrupole splitting with the electric field is shown in 
fig. (6.8). The isomer shift of the system without the 
field was found to be 0.267 ± 0.004 mm/sec. However, there 
was no significant change in isomer shift of the system for 
the same range of maximum field [fig. (6.9)]. The values 
of quadrupole splitting and isomer shift without the field 
are in good agreement with the values of other authors 
[17]. In this system too the asjTnmetry of line shape 
increases with the application of external electric field 
[fig. (6.13)]. 

In black Roussin salt, Na[ (NO) , the M6ssbauer 
absorption spectrum at zero external field was found to be 
a quadrupole doublet with = 0.870 ± 0.004 mm/sec and 

isomer shift 0.321 ± 0.004 mm/sec. These values are in 
good agreement with the values reported by other workers 
[17]. Some typical spectra of black Roussin salt are shown 
in fig. (6.15). When an external electric field is applied 
the quadrupole splitting of the system decreases upto 0.840 



Counts ( Arb. units ; 


!oy 



FIG. 6-14 Mossbauer spectra of Red Roussin Salt at 
(a) Zero field ^ (b) 40 KV /Cm. 


Velocity (mm /sec) 

Fig 6-15 Mbssbauer spectra of black roussin : 
(b) 40 KV /Cm . 
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± 0.004 mm/sec for a maximum field of 40 KV/cm. But the 
isomer shift of the system does not show any significant 
change [fig. (6.9)]. The variation of quadrupole splitting 
of the black Roussin salt is shown in fig. (6.8). The 

variation of intensity x-atio of the two peaks is shown in 

fig. (6.1.3). 

6.4 Discxisstort : 

Thus we see that the effect of an external electric 
field on the Mbssbauer hyperfine parameters is clearly 
identifiable in all the systems. Bashkirov and Lebedev [1] 
had made a perturbation calculation of the polarization of 
the Fe’^"^ ion 4s-shell by an electric field and its 
contribution to the hyperfine parameters. For a field E = 
45 X 10^ V/cm, using their equations (2) and (3), the 

4s-3hell polarization effect tends to zero. Hence, the 

contribution could be due to the 3d-shell polarization 
and/or the effect of the induced dipoles at the lattice 
sites. To our knowledge, the problem of the effect of a 
perturbation on the 3d-sheil has not been worked out yet. 
A detailed theoretical work on this is in order. 
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CONCLUSION 


The present work is aimed at the understanding of 
anomalous behaviour of saturation magnetiaation of high 
valent, diamagnetically substituted. Ni-Zn ferrites. The 
problem is investigated by Mossbauer spectroscopy, Magnetic 
measurements and X-ray diffraction pattern. For better 
homogeneity the samples were prepared by solution route 
technique. The X-ray diffraction pattern confirmed the 
presence of single spinel phase. 

57 

Fe Mossbauer spectra of all the samples were 
recorded at 295 and 77^K. The hyperfine parameters were 
obtained by least square curve fitting of the experimental 
data on DEC-1090. The isomer shift values at A and B sites 
confirmed that iron is in Fe high spin state. The 
analysis of hyperfine magnetic field yields that in 

^®2-2x °4 ®'^2-2x ^4 
(0< x:^0.1 ; y = 0.0, 0.3 and 0.4) all the tetravalent 

non-magnetic cations occupy the B site only. 

If Negri’s type of magnetic ordering is considered in 
the present series of ferrites then a linear decrease of 
magnetization is expected with the increase of non magnetic 
cations as they enter at B site only. But in all the cases 
a deviation from this behaviour was observed. Hence we 
conclude that the change of magnetization is not only due 
to the simple replacement of magnetic ions at B site by the 



• 4 4 ^ 

non*“niagnetic Ti or Sn ions but also due to a more 
complex process which leads to the development of canted 
spin structure. The canting angle, which depends on the 


relative strength of variou' 


exchange constants 


‘^Fe‘^^(A)-Fe^^(A) ’ ( A) -Fe‘^ "■ ( B j ’ '^Fe‘^^( A) 


'^Fe^'^(B)-Fe‘^'^(B) 




changes with the change of or Sn^^ concentration in 

the lattice. The calculation of exchange constants show 
that almost all the exchange constants remain unchanged 
except J., .2 +,t 3, „.2+,.D.[in case of y = 0.3, 0.4] and 

Ml ( jb ; “IN 1 ( I? j 

3*^/ an vT‘2+,^.[in case of y = 0.0]. We proposed that 
i e (A) ”Ni ( n ) 

the change of exchange constants is basically due to the 


change in lattice parameter. The simple Born expression 


for the lattice parameter shows that this is proportional 
to the where M is the Madelung constant and n is a 

constant (usually equal to 10). The calculation with the 
average charge on the lattice site shows that M does not 
change with Ti"^^ or Sn"^^ addition. However, the 

calculation with the root mean square charge at the 
lattice sites show the correct variation of the Madelung 
constant and lattice parameter for the Sn^ -substitution 
case for concentration of Sn > 0.008 per formula unit. 
However, this explains only part of the lattice parameter 
variation with Ti^'^ substitution and calls for a more 
sophisticated calculation of the Madelung constant. 


Now we propose some problems 


for the further study. 
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It is well known that the tiossbauer spectrum of iron 
57 

( Fe) consists of six absorption peaks when the magnetic 

hyperfine splitting is present. These peaks correspond to 

Am = ±1, 0 transitions between the excited state (I = 3 / 2 ) 

57 

and the ground state (I = 1/2) of the Fe nucleus. For an 
ideal thin absorber with a negligible quadrupole 
interaction the line areas in a Mossbauer spectrum are 
proportional to 


A, c « 3(l+Cos (9) 
i > D 




where A. .is the area of the ith (i = 1,2,3) or jth (j 
1 , J 

4 , 5 , 6 ) lines and 0 is the angle between the direction of 
propagation of the ^''■ray and the direction of 

magnetisation. The ratio 0 ' ^3 4 equal to 3 • 1 

regardless of the angle If the magnetisation directions 

in the absorber are oriented randomly , the relative 
intensities of the six absorption lines are in the ratio 
3 : 2 • 1 •' 1 • 2 " 3 . For a direct test of the canted spin 

structure, the absorber is placed in an external magnetic 
field, applied parallel to the direction of propagation of 
the gamma ray. If the field is strong enough to orient the 
magnetisation in the direction of the field and the spin 
structure is col linear, then Am = 0 transitions vanish and 
consequently the lines 2 and 5 disappear from the Mbssbauer 
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absorption spoctrum. On the other hand, if canted spin 
structure does exist, the intensity of these transitions 
will not be zero. The intensity of these lines depend on 
the degree of canting and the canting angle can be obtained 
from the ratio Ag g 

^2,5 _ 4Sin^^ 

^,6 .3(l+Cos^} 


or 


<9 = Sin 


3 r 

2 ,'^ 2 , , 6 , 

1 . I [-'a./h.s] 


1/2 


In our present work we could not take the IKissbauer 
spectra of samples in an external magnetic field. We 
propose to take up this problem in our later work. 


The study of these systems by neutron diffraction 
also offers the valuable information regarding the magnetic 
structure of these ferrites. From the presence of certain 
peaks in the neutron diffraction pattern the presence of 
canted spin structure at A or B sites can be tested. 


In Sn"^"^ substituted Ni-Zn ferrite systems it was 

observed by ^"^Fe Mossbauer spectroscopy that Sn^'*' ions 

occupy the B site. This can be further corroborated by 

^^^Sn Mbssbauer spectroscopy. As seen in Chapter 5, a 

contradictory change was found between the lattice 

, j T 04 - 2+ for the concentration of 

parameter and '^Ni^ (B)-Ni"^ (B) ^ 

Sn^'^ less than 0.004 per formula unit. It was suspected 



that the outex'most 4d electrons of Sn^^ contribute to this 

trend. For a satisfactory explaination of this problem we 
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propose to study the system by Sn bKissbauer 

spectroscopy . 

It is hoped that the present work has contributed to 
our knowledge of the hyperfine interaction of substituted 
Ni-Zn ferrites leading to a knowledge of their microscopic 


structure . 
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